




RELATION OF LENGTH OP DAY TO GROWTH OF 

TIMOTHY ' 


By Morgan W. Evans, associate agronomist, ^ Division of Forage Crops and 
Diseases, and H. A. Allard, senior physiologist, Division of Tobacco and Plant 
Niitrition, Bureau of Plant Industry, United States Department of Agriculture 


INTRODUCTION 


Since 1920, when Gamer and Allard^ first announced their dis- 
covery of the principle of photoperiodism, many investigators have 
published results of studies of tliis phenomenon as it applies to many 
kinds of plants.^ 

In some plants, earliness and lateness are not the only characteristics 
that are affected by changes in the length of day. It has been shown 
that in timothy {Phleum pratense L.) not only time of blooming but 
also elongation of the internodes of the stems and the number of 
elongated internodes per culm are affected by the length of day.^ 

In a preliminary test conducted in 1930 it was found that timothy 
plants that bloom and mature early when grown under natural con- 
ditions respond to days artificially made of uniform lengths in a differ- 
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a single original timothy 
plant are grown at stations in nxnerenL iauicudes it has been found 
that in the Northern Hemisphere the season for blooming of these 
plants does not progress from south to north at the uniform rate per 
day of one quarter of a degree, as predicted in Hopkins^ bioclimatic 
law.^' On the contrary, the plants bloom relatively later at the 
southern stations and relatively earlier at the northern stations than 
this law prescribes.^ One possible explanation for this is that the 
development of the plants in the South during early spring is delayed 
by the relatively short days that occur in southern latitudes, and in 
northern latitudes the development is hastened by the relatively long 
days that occur during late spring and early summer, 

1 Received for publication Nov. 17, 1933; issued June 1934. 

2 Garner, W, W., and Allard, H. A. effect op the relative length of day and night and other 

FACTORS OF THE ENVIRONMENT ON GROWTH AND REPRODUCTION IN PLANTS. Jour. Agr. Research 18: 553-606, 

illus. 19*20. ^ 

3 LUBIMENKO, V. N., and SZEGLOVA, 0. A. L'ADAPTION PHOTOPfiRIODIQUE DES PLANTES. Rev. Gen. 
Bot. 40: [5771-590, [6751-689, [747j-768, illus. 1928. 

< Evans, M, W. the life history of timothy. U.S. Dept. Agr. Bull. 1460, 56 pp., illus. 1927. 

« Hopkins, A. D. periodical events and natural laws as guides to agricultural research and 
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MATERIAL AND METHODS 

For tills investigation selected timothy plants wore iisen'!. ^ These 
plants a.ro ixdcrrerl to as strains of timothy. All tlie sti*aifis listed in. 
tal":>les 2 and 3, except the last four, were selected .froin. phints grown 
from seed of Aiiiei'ican origin; th.e last four originated from schmI from, 
northern Europ(^ and are later than plants ordinarily octal rring in 
meadows in I'he llnited States. These strains have been ai*ra.nged in, a 
siuies, a,cco:rding to the dates when the first florets blooiiied. on plants 
growing with, mitiira,! ilium, inatioii at Wasliington, D.C.j in ,1931. T,hey 
represent uniform gradations from the earliest to the latest. The 
experiineiit was conducted at the Arlington Experiment Farm, 
Eosslyii, Va., near Washington, D.C. 

On December 16, 1930, each of several plants was divided, and each 
subdivision, bearing the same number that had. been assigned the 
original plant, was placed in a 3-inch pot. On January 26, 1931, each 
piaiit wns transferred to a 4-inch pot. The plants were grown in a 
cool greenhouse (50° to 55° F.) until February IS, 1931, when they 
were removed to coldframes built upon trucks on tracks. Tliese 
trucks were moved out of doors for 10 liours each day imtil tlie final 
tests under the various lengths of day began; during the remainder 
of the time they Avere kept in dark houses. 

After the experiment was begun, plants of each strain were grown 
under all or part of the following numbers of liours of illumination 
each day: 10, 12, 12.5, 13, 13.5, 14, 14.5, 15, 16, 17, and 18. In 
addition, one or more plants of each strain, used a,s controls, were 
grown under tlie natural lengths of day. 

The length, from sunrise to sunset of the longest day occurring at 
Wasliingtoii is 14 hours and 54 minutes. The plants grown with 
imiforni lengths of day less than this maximum, were placed in metal 
cans or buckets on trucks, which Avere moAmd into AXAiitihited da.r.k 
liouses for that part of each day during which the phints received no 
illumination. Tlie plants grown with 15 hours or rnore of illioninatioii 
each <hiy were placed out of doors, where the length, of day was (‘x- 
tended as desired l)y means of electric lights placed over tlie (ibints. 

The ])lants that received 14.5 hours or less of ilhinTirnition wovo out 
of doors each day for the periods indicated in, table 1, from (In' date 
the test, began liiitil the final records were obta.iiied. 


Table 1.- Time during which ivmothy Tec(d}ymg ilhmmation ffm lO ln 14,5 

hours daily were out oj doors 


Date wiien 
test began 

Length of 
periofi of 
ilhnninii- 
tion each 
(lay 

Iloiirs during which plants 
were out of doors 

Date wdieii 
test began 

' Lengtli <if 

1 period of 
illurnma- 
tion each 
day 

Hours (iuring which plants 
were out. of doors 

. ■ 

j 

Apr. 11.,' 

.1)0 

Do 

Do 

Hours 

10 

. 12 
12.5 
13 

i 

From 6 a.ni. to 4 p.m. 

From 6 a.m. to 6 p.m. 

1 From 6 a,m. to 6:30 p.m. 
From 6 a.in. to 0 p.m. 

May 18—-, 
Do--.- 
Do- — - 

Hours 

13.5 
14 

14.5 

From 5 a.m, to 6:30 p.m. 
From 5 a.m. to 7 p.m. 
From 5 a.m, to 7:30 p.m. 


Artificial light was required in order to obtain constant illumination 
for 15, 16, 17, and 18 hours each day, periods representing approxi- 
mately the maximiun le^ths of day for the latitudes 41°, 48*, 53°, 
and 57°, respectively. This added illumination was furnished for 
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eadi gToup of plants by four 200-watt gas-filled tungsten lights with 
reflectors, built according to standard specifications. These lights 
were placed at each corner of a square of such dimensions that the 
distance from center to center of the lights was 3 feet. The lights, 
wliicli were kept about 2 feet aboye each group of plants, were ar- 
ranged on an adjustaUe frame so that they could readily be raised as 
the plants increased in height. Each set of plants was screened by 
partitions high enough to cut off the direct rays of its group of lights 
from all the other sets of plants. 

In order to maintain illumination for a uniform period each day, 
it was necessary to use electric lights for different lengths of time. 
Constantly decreasing daily periods of artificial light were required 
up to the midsummer solstice, and constantly increasing periods of 
light after the solstice. Four electric time switches were used to 
control the required decrements or increments of artificial light, and 
the necessa:ry changes wnxe made each day. The tests under all four 
lengths of da}^, from 15 to 18 hours, began April 11. The lights were 
turned on at 5 p.m,, and were kept on for different periods, so that the 
different groups of plants were illuminated for 15, 16, 17, and 18 hours, 
respectively, from sunrise each day. 

EXPERIMENTAL RESULTS 

EFFECTS OF DIFFERENT LENGTHS OF DAY ON DIFFERENT PHASES OF GROWTH 

Insofar as vegetative grow^th is concerned, the plants thrived under 
all lengths of day within the range of this experiment. There were, 
however, great variations (1) in the time when the heads emerged 
from the enclosing leaf sheaths, (2) in the time of occiiiTence of the 
flowering process, (3) in the characteristics of the stems, and (4) in 
the development of the stems. 

Time When Heads Emerge from Enclosing Leap Sheaths 

The date of emergence of the earliest head of each plant from within 
the enclosing leaf sheath is shown in table 2. 

In general, the later in the season the heads appeared on plants 
grown with natural illumination, the greater was the number of hours 
of illumination required for the development of the inflorescences on 
plants of the same strain grown with artificial light. Plants of the 2 
strains that were earliest under natural conditions produced inflores- 
cenees when subjected to only 10 hours of light each day. Plants of 
1 of the 4 strains that were latest under natural illumination required 
day lengths of 14.5 hours, while none of the plants of the other 3 
strains of this group produced inflorescences under less than 15 hours 
of illumination daily. Plants of the other strains had a minimum 
light requirement of between 10 and 14.5 hours each day for the 
development of inflorescences; in general, the minimum number of 
hours of illumination required tended to increase gradually as the 
time of heading became later on the plants of these strains when 
grown under natural conditions. 

As the number of hours of illumination each day increased, the date 
of heading on the plants of any strain gradually became eadier until 
the optimum day length had been attained; after this, even with con- 
tihiied increase in the length of day, the date of heading remained 
practically the same. This statement may be illustrated by the 



Table 2.- — Dates in 1931 when the first heads ajypeared on plants of differe?it strai?is of timothy^ grown with natural^ day light from 10 hours 
to full length of day each day and with added artificial light to obtain illumination of 15 to 18 hours daily, near asJnngton, D.C.® 
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records of the plants of strain no, 9220 (table 2). Under natural 
conditions, the first head appeared on the control plant on June 18, 
On the plant grown with 10 hours of light each day, no infloj'escence 
developed; on that grown wuth 12 hours of light the tip of the first 
head appeared on duty 31. With increasing length of day the time 
of heading gradually became earlier, until with 16 hours of illumina- 
tion the time of heading occurred on May 19. When exposed to 17 
and 18 hours of light each day, the heads of the plants appeared on 
May 18, practically the same date as on the plant grown under a 
16-hour day. 

Time of Flowering 

The relative dates at which the first florets appeared on plants of 
the difl'erent strains growm with different periods of illumination cor- 
responded, in a general way, to the relative dates at which the first 
heads had appeared on the same plants about 12 to 15 days earlier. 



10.0 12.0 12.5 13.0 13.5 14.0 14.5 15.0 16.0 17.0 18.0 

HOURS OF ILLUMINATION EACH DAY (NUMBER) 

Figure L— Dates in 1931 when the first florets bloomed on different timothy strains (indicated by numbers), 
grown under various constant daily periods of illumination. 

In plants that under natural conditions range gradually from very 
early to very late the response to days of different lengths, as indicated 
by the time of flowering, is cjuite consistent (table 3). On the control 
plant of strain no. 19456, the first florets bloomed on June 3; this was 
the earliest plant to bloom under natural conditions. On the plant 
of this strain grown with 10 hours of light each day, the first florets 
bloomed on June 29. As the date of flowering became later on plants 
of the different strains grown under natural conditions, the minimum 
number of hours of illumination under which any florets bloomed 
gradually increased, until, in the case of strain no. 19461, which was 
the latest to bloom under natural iilumination, no florets appeared on 
plants grown under days of uniform length of less than 15 hours. 

As the length of day increased, the dates on which the florets on the 
plants of any particular strain bloomed gradually became earlier up 
to the optimum period of illumination, after which there was no further 
increase in earliness . This tendency is shown by the records in table 
3 and the curves in figure 1. Under natural conditions, the first florets 
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on plants of no. 11966 bloomed on June 26. When the plants were 
grown under clays 10 to 13 hours long, no florets bloomed ; when they 
were grown with 13.5 hours of light, florets began to bloom on July 
14. As the length of day increased, the date of blooming became 
gradually earlier up to days of 17 hours, under which the earliest 
florets bloomed on June. 3, When the length of day was increased 
from 17 to 18 hours, the date of earliest bloom remained the same, 
June 3. There was a similar response to days of different lengths in 
the plants of other strains. 

The later the plants of any strain of timothy grown under natural 
conditions produce inflorescences and florets in bloom, the greater is 
the length of clay required for normal development when the plants 
are grown with days of various constant lengths. This statement is 
illustrated in figures 2 to 6, which show the plants as they appeared on 
July 1. The plants of strain no. 19456, the earliest under natural 
conditions, when grown with 12 hours of light each day produced 



Figure 2."~-Plants of timothy strain no. 19456, grown under dilXerent lengths of day, as indicated by num- 
ber of hours on containers. The control plant (C) was grown under natural length of day. Photographed 
July 1, 1931. 


inflorescences on w^hich florets had bloomed before July 1. The plants 
of strain no. 15092 required a day of about 13.5 hours, and those of 
strain no. 6127 a day of 14 hours for normal growth. The plants of 
no. 19461, which wms the latest strain used in this experiment, re- 
quired a day of 16 hoiii's for the production of normal culms with 
inflorescences. 

If the natural length of day is too short for the development of 
culms and inflorescences of any timothy plant, it may be artificially 
increased, by means of electric light, to the daily number of hours of 
illumination which the plant requires. This is illustrated in figure 7, 
which shows plants of strain no, 19461 grown with natural illumination 
and with 15, 16, 17, and 18 honrs of light each day. On the plants 
grown with natural illumination no inflorescences appeared until 
July 13; whereas on the plants growm wdth 16, 17, and 18 hours of 
light each day, normal culms and inflorescences had developed before 
June 25. : , 



natural length of day. Photographexi July 1, 1931. 
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Chabacteeistics op Stems 

The stems of plants Which are 
grow.li with sufficiently long periods 
of illiiniination each day to enable 
the inflorescences to develop in a 
iiorinal manner and on which the 
florets bloom at a normal time usu- 
ally grow upright. In this experi- 
ment the plants that were grown 
under days too short for normal 
development of the inflorescences 
were commonly characterized by 
stems which were declined or which 
were more or less procumbent at 
the base, sometimes bearing inflo- 
rescences with proliferations. Fig- 
ures 3 and 4 show that the plant 
of strain no. 15092 grown with 12.5 
hours of illumination and the plant 
of strain no. 6127 grown with 13.5 
hours of illumination daily had a 
tendency to a spreading habit of 
growth owing to the declined posi- 
tion of the stems. 

On plants of all strains except 
those that were earliest under natu- 
ral conditions, no elongation of the 
stems occurred under the shortest 
periods of illumination. Thus, on 
the plants of no. 6127 (fig. 4), there 
was no elongation of stems under 
1 0 to 1 3 hours of illumination daily ; 
under 13.5 hours of illumination, 
elongation occurred although the 
stems were somewhat declined ; on 
the plants grown under 14 and 14.5 
hours of light each day and those 
grown under natural illumination, 
the stems grew in an upright posi- 
tion. 

Lengtpi of Stems 

At the time of the first blooming 
of the florets of a timothy plant, 
the stems on which the inflores- 
cences are borne have attained 
only a part of their final length.^ 

The data obtained in this ex- 
periment show that when the first 
florets bloomed the actual length 
of the stems varied according to the 
number of hours of daily illumi- 
nation under which the plants had been grown. The records show 

■ ^ Evans, M. W.' np. 10-13. (See footnote 4.)' ; ■■ ■ . 
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that generally, as the length of day increased, the length of the stems 
of the plantsof any strain on the date when the first lloret-s bloomed 
gradually increased to the maximum. After this niaxinunii iuni been 
reached,' the length of the stems was not essentially eimnged by eon- 
timied increase in the length of day. For example, when (lu^ |)liin(s 
of timothy no. 11902 were grown with 12 hours of light, the lotigest 
stem \yas'l6 inches at the time the florets began to bloom; as the 
length of day increased, the length of stem at the time the first flo- 
rets bloomed also increased by fairly uniform steps to a, ina.\iimim 
length of 41 inches on the plant grown with 1.5 hours of light each 
day. On the plants grown with 16, 17, and 18 luiurs of illumination 
daily, the length of the longest stem at the time the first florets 
bloomed wms either 40 or 41 inches, practically the same length as on 
the plant illuminated for 15 hours each day. Table 4 and figure S 



show' the average length of the longest stems of the plants in groups 
of early, medium, and late strains of timothy grown under differc'iif, 
lengths of day. 


KESULTS OF CONTINUED GROWTH UNDER DAYS TOO SHORT FOR DEVELOPMENT 
OP CULMS AND INFLORESCENCES 

In relation to those plants which were grown under days of short 
lengths and on which only vegetative growth had taken place prior to 
July 1, the question arises as to whether continued growth for a longei' 
time under the same conditions would have resulted in the develop- 
ment of culms and inflorescences. The results obtained with tlie 
plants of strain no. 15485 are fairly typical and may be used to illus- 
trate the general behavior, in this respect, of the plants of all the 
strains of timothy studied. Figure 9 shows the condition of the planf,s 
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of tiiis strain on August 10, 6 weeks after the plants in figure 5 were 
photographed. On plants upon which partial development of culms 
occurred before eJuly 1, there was a somewhat more advanced develop- 
ment on August 10. On plants that were grown with 10, 12, 12.5, and 
13 hours of light each day, and on which only vegetative growth had 
taken place prior to July 1, no further development occurred as a 
result of 6 weeks of added growth. If timothy plants are grown, there- 
fore, under days too short for the formation of culms and inflorescences 
these will not be formed even though the period of growth under the 
same light conditions is extended. 



Figure 8.— Average length of the longest stem (in inches) of early (group 1), medium (groups 2 and 3) 
and late (group 4) timothy plants grown under various constant daily periods of illumination. 

Table 4. — Average length (inches) y on the date when the first jlorets hloomed, of the 
longest stem of timothy plants grown under various constant daily periods of il- 
lumination and grouped according to relative earliness ® 


A verage length (inches) of the longest stem grown under indicated hours of 
illumination daily * 


Group 

Natu- 

ral 

10 

12 

12.5 

13 

13.5 

14 

14. 5 

15 

16 

17 

18 

1 . - 

38 


22 

28 

33 

38 

(0 

(*) 

(') 

(-=) 

(‘=) 

('•) 

2 

34 





30 

34 

36 

43 

42 

42 

43 

3 - 

39 






35 

37 

41 I 

44 

44 

47 

4 

27 









30 

36 

35 

36 



1 

1 











When grown under normal conditions, plants)>of group 1 (nos. 19457 and 15092) were the earliest strains 
of timothy used in this experiment; those of group 2 (nos. 11902, 6127, and 11966) were the next earliest, those 
of group 3 (nos. 9220, 12421, and 15485) were next^ and those of group 4 (nos. 15445, 19459, 19460, and 19401) 


were me lawai- j.j j. i. ^ ^ # 

Leaders indicate that no average was available, because flowering either did not tahe place or some of 

the strains failed to flower under the indicated period of illumination. 

No average given because there were no plants of no. 19457. 





Figubb a—Plants of timotliy strain no. ISiss, grown under ditfereot lengths of day, as indicated hy number of hours on container.^. The control plant f O > was t^rro.rn under 
• natural length of day. Photographed August lo. lt»3L .'some increase in the length of the stems on plants illuminated for 13.5 hours or more each dav dnop Juiv 1 mav 
M obserYed by comparing this photograpn with figure 5. Under 13 hours or less of light e-ach dav, no growth in length of the stems had taken pl«ee ' “ ^ 
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COMPARISON OP EFFECTS OP NATURAL AND ARTIFICIAL ILLUMINATION 

The .length of the longest day at Rosslyn, Va., where this experiment 
was conducted, is 14 hours and 54 minutes, or 14.9 hours. Tables 2 
and 3 show that in most strains of timothy the heads appeared and the 
florets bloomed at approximately the same time on plants illuminated 
for 14.5 hours each day as on the control plants; on the plants grown 
under days 15 hours long, the heads appeared and the florets bloomed 
earlier than on the plants grown with natural illumination. 

EARLINESS AND LATENESS IN TIMOTHY AN ADJUSTMENT TO DIFFERENT LENGTHS 
OF DAY OCCURRING AT DIFFERENT TIMES 

In timothy, as in some other plants,® the earliness or lateness of 
difierent strains is evidently a matter of the adjustment of the plants 
to length of day. In 
figure 10 the strains 
of timothy are ar- 
ranged according to 
the dates when the 
first florets bloomed 
on the plants grown 
with natural illiimi- 
nation; the first 
heads had appeared 
on these plants in 
practically the same 
order. Figure 1 0 also 
shows the dates on 
which the first heads 
appeared and the first 
florets bloomed on 
plants of most of 
these strains when 
grown with 18 hours 
of light each day, the 
maximum length of 
day employed. When 
the length of day was 
increased to 18 hours, 
plants of those strains 
that are late under 
natural conditions 
produced heads and 
florets in bloom al- 
most as early as plants of those strains that are early under natural 
conditions (fig. 10). 

The results of this experiment indicate that in any locality some 
timothy plants produce inflorescences and florets in bloom earlier 
than other plants because they are adapted to relatively short days. 
On those plants that are adapted to longer days, the appearance of 
theheads and the flowering process are delayed until the days lengthen. 

8 Garner, W . W., and Allard, H. A. photoperiodic response op soybeans in relation to tempera- 
ture and other environmental factors. Jour. Agr. Research 41: 719-735, iilus. 1930. 
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Figure 10.~Dates when the first head appeared and the first florets 
bloomed on timothy plants grown near Washington, D.G., under nat- 
ural illumination and under 18 hours of illumination each day. Note 
that plants of those strains that are late under natural conditions in 
the latitude of Washington, D.C., when grown under 18 hours of dally 
illumination produced heads and florets in bloom nearly as early as 
plants of those strains that are early under natural conditions in the 
same locality. 
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SUMMARY 

At the Aiiiiigtoii Experiment Farm, Kosslyn, Vfi. (iiea-r Wa.sliing- 
toii, D.C.) there were grown under days of different lengths sf.ra,iiis of 
tiiiiotliy plants that when grown under natural conditions (‘onsfhiid.e a, 
series ranging fa,irly uniform gradations from, \'e.ry (mrJy to \'cr\' 
late i.ii the time/ tdieir inflorescenc appear, florets bloorri, a.ml seials 
mature. In addition to the control plants grow.ii iindc3r natui'ai illumi- 
nation, plants were grown witli the periods of illiiinination a,riificially 
regulated by means of dark lioitses and electric liglits to days 10, 12, 
12.5, 13, 13.5, 14, 14.5, 15, 16, 17, and 18 hours long. 

Insofar as vegetative growth is concerned, the plants grew well 
under all lengths of day within the range used in this experiment. 
There were great variations, however, with respect to the time of 
emergence of the heads from the enclosing leaf sheaths, the flowering 
process, and the characteristics and developinent of the stems. 

The later the plants of diflnrent strains of timothy {irodiua^ inflor- 
escences and florets in bloom when grown under natural (‘ondil.ions, 
the greater is the length of day requi. reel for normal (levelopnumf. wlum 
the plants are grown under days of different uniform Irmgths. 

As the length of day is gi’adually increased al)ove tli(3 iriiniriiiim 
under which development of culms with inflorescence's occurs, tlie 
stems lengthen and the time of the appearan<3e of tlie inflorescoiH'es 
and the blooming of the florets gradually is slio:i*te.ned up to an 
optimum length of day. If the length of day is increased above this 
optimum, there is little added effect — at least up to IS hoiirs, the 
greatest length of day under which plants were grown in this experi” 
ment. 

If the length of day is too short for the development of culms and 
inflorescences within the time that these processes ordinarily occur, 
continued growth of the plants for a longer time under th (3 saiiie length 
of day will not induce their development. 

With a day of 14.5 hours, the timothy plants developed at about the 
same time as plants grown under the natural lengths of days ()(‘ciir:ring 
at Washington, D.C., which gradually increase up to a iliaximum of 
14.9 hours at the summer solstice and then gradually (h^cr-castc Wlien 
plants were grown under a day 15 hours long, they (hnudopi'd earlier 
than the control plants. 

In timothy the earliness or lateness of different strains is I'vidimtly 
chiefly a matter of the adjustment of the plants to the hmglhs of day. 
The results of this investigation indicate that, in any locnlil.y, sonu' 
timothy plants produce inflorescences and florets ('arliiM- timn otiiers 
because they are adapted to relatively short days. On those ])lani-s 
that are adapted to longer days, the appearance‘of the licads ami Ihc. 
flowering process are delayed until, with the advancement of the 
season, the days increase to the lengths which these plants renuire for 
development. 



DISTRIBUTION OP OXYGEN AND CARBON DIOXIDE IN 
MUSHROOM COMPOST HEAPS AS AFFECTING MICRO- 
BIAL THERMOGENESIS, ACIDITY, AND MOISTURE 
THEREIN ‘ 

By Edmxjnb B. Lambert, associate pathologist, Division of Mycology and 
Disease Survey, Bureau of Plant Industry, and A. C. Davis, assistant ento- 
mologist, Division of Truck Crop and Garden Insects, Bureau of Ento77iology, 
United States Department of Agriculture 

INTRODUCTION 

At the present time stable manure is the medium almost univer- 
sally used for cultivating the common mushroom {Agaricus campestris 
L.). Growers have learned from experience that a period of compost- 
ing is necessary before the manure is suitable for making up into beds. 
A rapid fermentation during which comparatively high temperatures 
are generated is apparently desirable. In general the rate of decom- 
position of the manure and the suitability of the finished compost for 
mushroom growing seem to be largely dependent on the size and shape 
of the compost heap, its height and compactness, the quantity of 
water added during turning, the thoroughness of the mixing, and the 
number of days between turnings. These factors probably influence 
the condition of the finished compost primarily by establishing in the 
compost heaps conditions of aeration, moisture, and temperature, 
which in turn establish the trend of the development of the microbial 
and insect population of the heaps. 

The studies described in this paper were undertaken in order to 
improve composting practice by learning something of the distribution 
and interaction of these physical and biological factors in typical 
mushroom compost heaps. At first the writers were concerned prin- 
cipally with recording the temperature, aeration, moisture content, 
and acidity in all parts of standard mushroom compost heaps. As 
the observations progressed it became apparent that conditions are 
radically different in different parts of compost heaps and that the 
factors of temperature, moisture, and acidity are dependent on 
aeration, presumably through its effect on microbial activity, in a 
roughly predictable manner. From these observations an attempt 
has been made to derive principles that will give the experimenter 
an approximate conception of the conditions of aeration, temperature, 
moisture, and acidity to be expected in all parts of stable manure 
composted as for mushroom culture in heaps of any size or shape, 

1 Received for publication Nov. 28, 1933; issued June, 1934. 
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METHODS 

Ordinary soil tlierinorneters were used for takiii^i*’ tciiiperai.iirc^s in, 
compost heai)s. After the metal tips of these thermoiiud.ca's aj*e 
heated the iiistriiiiieiits may be removed from the (‘ompost and ,rea.d 
before the iiierciiry begins to fall. For readings at< d(‘pt]is great-ca:* 
than 1 foot it was necessary to add extensions to the ha,ndlt‘s. ^ 
plete lUHiieision of these thermometers seems to cause lii.tle dilferem*e 
in the I'cadinnSj and this may be determined and a correction applied. 
Tli(' use of o}'<linary thermometers of any type is not desirable for 
three reasons: (1) The fall of the mercury is very I’apid once the 
instriiinents have been removed from the manure and it is conse- 
quently very difRcult to take accurate readings; (2) in drawing the 
thermonieters from the bottom of the heaps through the warmer 
interior the readings change materially; and (?>) it is necessary to 
punch holes in the heaps larger than the diameter of the thermonieters 
ill order to drop them in, thus admitting ciiiTents of air that fre- 
quently change the temperature. 

In taking temperatures the thermometers were ])laced at horizontal 
and vertical intervals of 6 inches or 1 foot in the heap, depending 
on the time available and the' accuracy desired. After each reading 
the thermometers were cooled to about 80'^ F., put into the same 
holes, and shoved down to the iiekt level. The readings obtained 
were recorded on crosshatched paper, and the^emperature contours 
were filled in later. 

Samples of air from within the compost hea^ps were obtained l)y 
means of a metal tube having a sharply pointed end. Just behind 
the point four holes were bored for the air to enter. This tube was 
connected with rubber hose to an Orsat gas-analysis appa,ratus and 
could be thrust into the pile at any point for sampling. The air was 
removed from the tubing before each sample was taken. Samples 
from within the heap were passed first through a solution of potassium 
hydroxide to absorb the carbon dioxide and then throngh alkaline 
pyrogallol to absorb the oxygen. The probable error of the Orsat 
apparatus under these conditions seemed to be about 0 2 percent. 
At times the error of sampling was probably several imios this figiire. 
A possible source of error is recognized in the })rese!U‘('‘, within the 
compost heaps of gases, other than carbon dioxide and (ixygen, that 
iniglit be soliihle in potassium h^uiroxide or alkaiiiu^- pyrogallol. But 
in all probability the presence of such gases in snuill quan tities would 
have little bearing on the problem under consideration and would 
not affect the evidence or the conclusions in any way. 

The hydrogen-ion concentration of samples from different ])a,]'ts of 
the compost heap was determined with a portable |:)otentiom<‘t(\r by 
the quinhy drone method. The determinations were made in tlu'. iicld 
so that the samples were tested only a few minutes after they were 
removed from the compost heap. There is a tendency for the readings 
of manum samples to drift toward the alkaline side after the quin- 
hydrone is added. To equalize this effect all samples were allowed 
an equal period (4 minutes) between the adding of the quinhy drone 
and the taking of the readings. Preliminary tests showed an average 
difference of only 0.05 between the pH values of aliquot samples of 
compost tested with the hydrogen electrode and those tested with the 
qiiinhydrone electrode. 
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TESTS FOR CARBON DIOXIDE AND OXYGEN 

Samples of air were taken at first from typical mushroom compost 
heaps at the Arlington Experiment Farm," Eosslyn, Va., 3 or 4 feet 
high and without artificial ventilation. Later, aspirations were made 
from commercial storage heaps 5 to 6 feet high, and from heaps with 
artificial yentnation at the ground level. In all heaps without arti- 
ficial ventilation the oxygen content of the air in the interstices of 
the compost decreased steadily as the bottom center of the heap was 
approached from the sides or from the top. Anaerobic conditions 
were usually found within 2 or 3 feet from the side of the heap and 1 
foot from the upper surface. Carbon dioxide analyses of the same 
samples of air indicated a corresponding increase in carbon dioxide 
as the lower center of the heap was approached. These phenomena 
are presumably due to the presence of an actively respiring microbial 
flora. 




Figure 1. — Cross section of a mushroom compost heap from side to center, 12 feet from the end, showing 
the concentrations of oxygen (yl) and carbon dioxide (jB). 


Contours showing the concentration of oxygen and carbon dioxide 
in a typical nnventilated heap 3 feet deep are given in figure 1. The 
dip in the contour lines which appear 5 feet from the side of the heap 
suggests convection currents. 

In most samples in which the oxygen content was more than 1 
percent, the sum of the oxygen and carbon dioxide percentages was 
approximately 21 percent. This, of course, is roughly the percentage 
of oxygen in the ordinary outside atmosphere, and the constant 
recurrence of this figure may be taken to indicate that the average 


respiratory ratio 



of the heterogeneous microbial population 


of the compost heap approximates unity under aerobic conditions. 

The increase in concentration of carbon dioxide seems to reach a 
limit at approximately 30 percent. The fact that manure decom- 
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position is arrested in this section is easily observed while the compost 
liea,p is being tiirned, especially during* tlie second tiirning. At tha,t 
time the iiiaiiure in a mound-shaped region in the lower centrji.,1. part 
of the heap is distinctly ''greener'’ than the renniirKhM* of iiie heap. 
No attempt was .made to determine whether t].ie 'M) [xnxa'.iit cjirbon 
dioxide content is .respo.nsibl 0 for this reta.rded ha’UKMii.aiion; iior 
were aiuilyses made of the remaining ^70 perceni- for com!>ustib]e 
gasesj such as liydrogeii a,nd. meth.a.ne, which are knowm to g{>iHM*a,te(:l 
under s.rmilar conditions. 

Tests were made to determine the rapidity with whicli the concen- 
tration of carbon dioxide builds up after the manure is tiirned. As 
shown in figure 2, it was found that the carbon dioxide content begins 

to increase ra,pidly im- 
mediately a,fter burn- 
ing. In 7 hours the 
carbon dioxide concen- 
tration had reached 
approximately 20 per- 
cent, and no oxygen 
could be detected. 

For several years a., 
few commerciai. miisli- 
room growers have 
been placing ventilat- 
ing tunnels of lattice 
work iinder the center 
of their compost heaps 
to speed up decompo- 
sition. To determine 
the effect of ventilation 
of this kind, bencli 
tile was laid on tlie 
ground across a;n ex- 
peiirnenta] c o m ]) o s t 
lieap and aspirations 
were made at difrerent 
levels above the tile 
and, a.t dilfer<xit lateral 
dista,nces f ro.t.a tlie 
tiled area,. The I'esults 
of carbon di()xid(‘, anal- 
yses from these aspirations are given in figures 3 and 4. It should 
be noted that there is no anaerobic region in any part of tlie heap 
above the ventilation tile. Unlike the conditions in ordinary heaps 
the percentage of oxygen is higher at the bottom tlnin at 1 or 2 feet 
from the top. The data in figure 4 indicate that the lateral extension 
of the effect of ventilation tile on aeration is rather limited. In the 
heap studied anaerobic conditions prevailed at a lateral distance of 2 
feet from the tiled area. 

TESTS FOE TEMPERATURE 

Two or three days after the compost was mixed the contoims of 
temperatures were found to be substantially the same in all the fl.at 
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heaps studied. Typical contours are shown in figures 5 to 8. In 
general the exterior 3 or 4 inches of the compost heaps varies from 
slightly above air temperature to above 100° F., depending on the 
moisture content and the tightness with which the manure is packed. 
Consistent temperatures begin to be found at a depth of about 6 
inches. At the ground level temperatures are relatively low, usually 



GROUND LEVEL 


Figure 3. — Cross section of one half of compost heap ventilated with greenhouse bench tiles at ground 
level. Numbers encircled represent concentrations of carbon dioxide: other numbers represent concen- 
trations of oxygen, at points indicated by dots. Arrows indicate currents of air. 

from 110° to 120° at points within the heap 2 to 4 feet from the side, 
then dropping as the center of the heap is approached until temper- 
atures of less than 100° may be encountered. Above the ground 
there is a similar temperature range. The low-temperature region 
forms a low mound in the center of the pile roughly corresponding 



other numbers represent percentages of oxygen, taken at points indicated by dots. Arrows represent 
currents of air. 

to the anaerobic region. Above this the layers of successively higher 
temperatures rise in more or less regular strata, following the outlines 
of the mound. The hottest portion of the heap occupies the space 
between the sides of the heap and the central anaerobic mound. It 
usually extends from 6 inches to 2 feet down from the top and from 
1 to 4 feet in from the sides. Though usually somewhat oval, it 
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varies in shape and may contain from 2 to 5 sqna.i‘o feet, in cross 
section. In this region, "forming a ring like a huge olougi(t('d dough- 
nut about the center of the pile, the temperatui'o is iisiialiy iu the 
neighborhood of 170°, although 182° was recorded ou one. occasion. 

In view of the work of numerous investigators on inicro!)ia,l thcr- 
raogenesis [6, 7, 8),- there can be little doubt tlial. this <listrii)ution 





of temperature is due largely to the thermogenic activities of an 
active microbial population. 

The warm region apparently is favorable for the accumulation of 
heat because it is well insulated from outside temperatures and at tlie 
same tune is comparatively well supplied with oxygen. The outer 

2 Eefeimee is made by number (italic) to Literature Cited, pp, 600 ,601. 
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layers are cooler because of the lack of insulation from, the outside; 
and the lower central region is cooler because the lack of oxygen 
retards the microbial activity. The shght extension of the high- 
teinperature region into the adjacent anaerobic region is probably due 
to the conduction of heat from the aerobic regiom 

Although moderate aeration seems to be necessary for the produc- 
tion of high temperatures/ an excessive current of air through decom- 
posing material may have a cooling effect. This was especiallv 
noticeable in heaps of artificial manure made at the Arlington 
Experiment Farm in the fall of 1930. In these experiments some 
heaps were made vith straw as it came from the straw stack ; whereas 
other heaps were made with the same weight of straw and chemicals, 
but the straw used 
had been chopped by 
means of a corn cutter 
into 3 -inch lengths. 

There were 12 pairs 
of these comparable 
heaps, and in every 
case during the early 
part of the composting 
period the heaps made 
with short straws were 
from to 80° F. 
warmer than those 
made with long strawu 
After a few weeks of 
composting, when the 
long straw had lost 
much of its stiffness, 
the difference was not 
so noticeable. 

Irregularities in the 
exterior contours of 
the heaps illustrated in 
figures 5 and 6 may 
also have been caused 
by excessive aeration 
due to convection cur- 
rents. In hand-turned 
piles there is usually more or less “flaking’^, or stratification, on oblique 
lines from the center, and the air passes into the heap along these strata . 
This is probably the cause of the convex contour in figure 6, the ivarm 
air rising at a, drawing in cool air at c, and causing the convexity at b. 
The extension of the hotter regions toward c/ is probably due to oxygen 
brought in by this fresh air, which is available for the heating of the 
manure beyond the point where the cooling effect of the excesswe 
aeration is felt. In more uniformly turned piles the contours wmiikl 
be expected to be more regular, as in figure 7. 

In heaps of the same area, but 2 feet in depth, the contour pattern 
is practically the same on a vertically compressed scale as in the 
higher heaps/ except that the cool central mound tends to occupy a 



Figure 8. — One half of cross section through center of conical compost 
heap, showing temperature contours. 
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sligiitl.y greater proportion of the. heap than is the case in tlio higher 
heaps (fig. 6). . , . 

A fairly typical contour pattern for conical heaps is shovvn m 
figure 8. ‘ In' this type of heap the cool central region at ground level 
is^relatively small, 'but the cooling effect of outside air being draAvn in 
at the lower sides influences a relatively far greatei- l•egioll. 



Figure 9. — Cross soction of eonipost heap ventilated witli greenhoiise lienoh tiles, taken panillel to tiles, 
Note that whole bottom layer is above 120'’ F. 

la large heaps of the “ridged” type, used in some places, the cross 
section resembles that of the conical heap, except tliat the sides are 
perpendicular to a height of 3 or 4 feet and taper thence to a truncate 
ridge. These piles are 50 to 60 feet loiig.^ In these heaps it would be 
expected that the contours in cross section -woiild resemble those in 
figure 8 more or less closely. Because the currents of air have access 



PiGURE lO.—nongitudinal section of compost heap ventilated with greentiouse bench tiles, taken at rifflit 

angles to tiles. 


on only two sides, it is probable that the cooler region at the lower 
sides will be smaller, and that in the center at groimd level larger. 
^ As pointed out in the discussion of aeration, for some time it has 
been the practice of a few growers to place beneath the composting 
heaps heaw lattice troughs, or other means of admitting air to the 
bottom. The effect of this procedure on the temperature contours is 
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shown ill figures 9 and 10. It will be seen that the temperature at the 
ground level is raised uniformly to above. 120° F. In the upper 
strata the high-teiiiperature areas coalesce, so that the temperature 
contours are flattened out and the temperature of the whole heap is 
raised and made more nearly uniform. Undoubtedly this is due to 
the comparatively uniform distribution of oxygen that was present 
over the ventilation tiles. When temperatures were taken in a plane 
at right angles to the tiles, it was found that the parts of the heap 
more than a foot away from the tiles at ground level were not much 
afiected. As would be expected, a foot or so above the tile the heat 
of the manure extends laterally for a somewhat greater distance. 
From the data at hand, however, it would seem that the lateral 
extension of the effect of aerating devices is rather limited. 

In order to ascertain how long it would take compost to attain its 
maximum heat after turning, with its attendant aeration, the bulbs 
of recording thermometers w-ere placed in various portions of the 
4-foot heaps. In the heaps without tile the temperatures usually 
reached their maximum in from 18 to 24 hours in the portions of the 
pile well off the ground but at points at or near ground level continued 



Figure 11.— -Kecord of temperatures in different parts of mushroom compost heap after the second turn- 
ing. The small diagram indicates the positions of recording thermometers by dots and by the symbols 
1-G, 2-Gn-n, 2-K, etc. 


climbing for 144 to 168 hours or more, as shown in figure 11. In 
these piles the difference in temperature between the lowest and 
highest points at the end of a week or 10 days may be as mimh as 40° F. 
and was usually in the neighborhood of 20°. By this time the 
temperatures are usually running along fairl}^ evenly or dropping 
slightly. The influence of external weather conditions is very evident. 
There is a sharp rise in temperature, even at the bottom of the pile, at 
about noon on warm days, and a corresponding drop at night. Rain 
causes a sharp drop and a nearly equally sharp rise in temperature, 
affecting the upper portions of the heaps more than those lower down. 

In ventilated compost heaps the temperatures rise more slowly, 
attaining their maximums in from 48 to 72 hours, the lower portion 
of the heap being the slowest to warm up. After the maximum 
temperature has been reached and held for 24 hours or so the tem- 
perature slowly drops until the next turning, descending perhaps 2i°, 
as shown in figure 12. The difference between points in the lower 
and upper portions of the heaps is, as has been pointed out, much 
less, being only about 8°. The influence of external weather conditions 



596 


Journal of Agricultural Research 


Vol. 48, no. 


is seen in these piles but is very much less evident than in the ■iiiiveii- 
tilated ones. 

HYDROGEN-ION CONCENTRATIONS 

There is a considerable difference in the opinion of didVr-i'iii -workers 
on. the qiiesti(),n of the acidity of the compost. Duggai* {4) in 1905 
stated, tl'uit ]::iia,iiu.re which has uT:id.ergone fern:ie:n,tjiti.()Ti 'for a. fc'.w 
weeks is usually sligiitly acid in reaction. This sta,tenuuit was 
accepted for 20 years and substantiated by Bechman (^), who r()iind 
a reaction of pH 6.4 in manure that had fermented 21, da,ys. On 



the other hand, Beach {1) and Lambert {9) found an alkaline reaction 
in numerous samples of mushroom compost from (a)iriiuercial 
establishments in eastern Pennsylvania. The pH values recorded in 
the present study indicate an alkaline condition in well-aerated coin- 
post and an acid condition in the parts of the heap composting under 
anaerobic conditions. It is possible that the discrepancies in the 
results of different workers can be explained on this basis. 

The results of a series of tests of the pH value in diffwavnt parts of 
a compost heap are given in figure 13. It is apparent that the outside^, 
layer of this heap was largely alkaline or neutral (pH <S.5 to 7.1), 
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whereas the anaerobic mound at the bottom of the heap was pre- 
dorniriantly slightly acid (pH 6.6 to 5.1). The general trend from an 
alkaline reaction in the outside layers toward a slightly acid reaction 
ill the lower central portion is "unmistakable, although there are 
several notable exceptions. Manure subject to firefaiio" was neutral 
or alkaline in reaction, and manure over tile ventilation as a rule was 
more alkaline than manure taken from the bottom of imventilated 
heaps. 

MOISTURE CONTENT 

Moisture is one of the most variable factors in a compost heap. 
In general, mushroom growers attempt to maintain approximately 
150 percent of water in the compost on a dry-weight basis. Water 
is usually added during the process of turning the compost, and in 
man}^ cases soil is added to the manure to help conserve the moisture. 
As a result of these practices a moderate moisture content is main- 
tained in most of the compost. On the other hand, there is always 
a tendency for the compost to dry out excessively on the sides of the 
heap. This is undoubtedly due to the taking up of moisture by cur- 



Figure 13.— Cross section of compost heap, showing pH values of eomposting manure, 7 days after second 
turning, taken at points indicated by dots. The surface layer is alkaline (pH S.O to S.o), The aerated 
layers bn the sides of the heap range from pH 7.1 to 7.6. The wet layer on the bottom center is usually 
acid (pH 5.1 to 6.6), with occasional alkaline spots (pH 8.0 to 8.4). The firefanged manure (/) is aklaline 
as a rule. 


rents of air which are warmed upon entering the heap. A tendency 
to dry out is noticeable also in the layer of manure in contact with 
ground-level ventilators. A converse condition is noticeable in the 
upper 6 inches of the heap. Here the warm air from the lower regions 
rises to the surface saturated with moisture that condenses when the 
air reaches the cool outer shell. As a result there is tisually a wet 
layer over the surface of the heap. Toward the end of the composting 
period there is usually less tendency for the compost to dry out than 
in the beginning when the straw in the manure is still stiff. 

DISCUSSION AND CONCLUSIONS 

It is evident from the data presented that there are markedly 
different conditions of aeration, temperature, acidity, moisture, and 
rate of decomposition in different parts of ordinary flat mushroom 
compost heaps and that these conditions are distributed in a regular 
manner that is fairly consistent for heaps of similar sizy and shape. 
Perhaps it would be well to point out here the changes in these con- 
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ditioiis to be expected from changes in the size and shape of the heap 
and some of the implications of these phenomena in the generaJ, 
problem of iinproving the composting practice for iiiushrooiri ciiltiircx 

■ Considering aeration firsts it has been shown tlnxt a pro- 

gressive reduction in oxygen accompanied by a,n iiu‘i‘('ase in cxirboii 
dioxide in the interstices of the manure as the center of a. coinpost 
heap is approached from tim outside, and that 8_ luuirs a;fteip turning, 
anaerobic conditions prevail in regions deeper tlixiipl. fooj:; fro:rn thi^ 
top of the heap and more than 3^ feet within tlie side' of tlie h('ap. 
Likewise, it is apparent that when ventilators are nin funder the 
center of the heap along the ground the anaerobic condition, high 
in carbon dioxide, in the low^er central part of the heap, is changed to 
a fairly well aerated one. Vertically this change extends from the 
ventilators to the top of the heap, but laterally the aeration does 
not seem to extend more than 2 feet. It is evident from these obser- 
vations that increases in the height or the width of unventilated 
compost heaps tend to increase the proportion of inanure subject to 
anaerobic conditions over that subject to aerobic conditions. On 
the other band, anaerobic conditions can be entirely eliminated by 
the use of closely spaced ground ventilators. 

The distribution of temperature in the compost heap seems to be 
dependent on three factors, namely, aeration, conduction, and con- 
vectioii. The highest temperatures (160'^ to ISO'^ F.) are usually 
confined to a region 2 to 4 feet within the sides of the heap and 1 to 
3 feet from the top. The outer layers are cooler because of the lack 
of insulation from the outside and the lower central region is cooler 
because the lack of oxygen retards microbial thermogenesis. Since 
thermogenesis is retarded by a lack of oxygen, changes in the height 
or width of the heap can be expected to affect the average temper- 
ature in much the same way as aeration is changed. Increases in 
the height or width of the heap reduce the average temperature by 
increasing the size of the cool central region, and complementary 
ventilators placed at the ground level materially raise the average 
temperature of the heap. 

A region containing compost having an acid reaction and having a 
comparatively slow rate of decomposition corresponds roughly witli 
an anaerobic region, and the proportion of cojn])ost subje(‘,t to tlu'sc^ 
conditions is increased also with increases in the height and width of 
the heap. 

It is a common observation that currents of air passing into the- 
sides of compost heaps or through ventilators at the ground 1{‘V(‘1 
have a tendency to dry out the compost at the sides of the heap and 
surrounding the ventilators. Therefore, reducing the width of a heap 
increases the tendency for it to dry out during composting, and the 
insertion of ventilators at the ground level has a similar tendency. 

It would seem then that within reasonable limits decreasing the 
lateral dimensions of a compost heap, or reducing the width of 'the. 
heap as compared to the length, tends to increase the proportion of 
aerated alkaline compost in the heap, to raise the average teinpera- 
ture, and to increase the tendency of the compost to dry out between 
turnings. The insertion of ventilators at the ground level has a sim- 
ilar effect. On the other hand, increasing the height of the compost 
heap, as is frequently done when manure is stored for several weeks, 
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tends to increase the proportion of anaerobic acid compost in the 
heapj to decrease the average temperature, and to some extent to 
reduce the tendency toward drying out. 

The foregoing considerations naturally raise the question, What 
composting conditions are likely to produce the most favorable 
medium for the growth and yield of mushrooms? At the present 
time this question cannot be answered in a categorical fashion in terms 
of size, shape, ventilation, and methods of turning the compost heap. 
Most commercial growers, when using manure of average texture, 
make up their heaps about 4 feet high, 20 feet wide, and 40 to 60 feet 
long. In these heaps about one half of the manure composts under 
anaerobic conditions; and if it were not for the thorough mixing 
obtained during the turning process, the lower central part of the heap 
would take 2 or 3 times as long to decompose as the outer portion. 
Preliminary experiments and the beneficial effect of the final fermen- 
tation in the beds suggest that an aerated condition in the compost 
heap is preferable to an anaerobic condition provided it can be attained 
without excessive heating or drying out. Theoretically aeration can 
be increased by making the heaps narrower or lower, by inserting 
ventilators at the ground level, or, perhaps preferably, by both increas- 
ing the height of the heap and inserting ground-level ventilators. 
Such changes seem worthy of experimental trial, but it should be 
recalled that they also may tend toward excessive drying out and 
overheating and that the beneficial effects of aeration are not well 
established. The problem can probably best be attacked by a series 
of semi-empirical yield experiments combined with a study of the 
microbial and insect population encouraged under different condi- 
tions. The large number of factors to be considered and the hetero- 
geneity of stable manure, composting conditions, and conditions dur- 
ing the growth of the crop will make sure progress slow and expensive. 

As a working hypothesis it may be assumed that composting con- 
ditions which produce a favorable medium for the development of 
mushrooms probably do so because they encourage the development 
of a microbial population that is best able to pave the way for the 
subsequent growth and fructification of mushrooms. Such a hypoth- 
esis must take full cognizance of the effect of the staling products of 
different groups of organisms on mushroom development as well as 
the action of these organisms in producing changes in the manure 
favorable to the nutrition of mushrooms under competitive conditions. 
Interesting facts pertinent to the latter question have been brought 
to light by the culture studies of Styer {10, U) and Bechman (2) and 
the proximate chemical analyses of Hebert (5) and of Waksnian and 
Niessen (12). 

Raising the temperatures approximately 25° F. at the bottom of 
the heap by ground-level ventilation suggests interesting possibilities 
from the standpoint of reducing the introduction of pests into the 
mushroom houses with the composted manure. If all houses could 
be properly heated, fumigated during the peak of the heat, and pro- 
tected thereafter, there would be much less trouble from insect and 
fungus pests ; but at present this ideal is usually not attained, and it is 
important that the compost be taken into the house as nearly ^ pest- 
free as possible. In the un ventilated heaps a considerable portion of 
the bottom layer is below 100°, and a still greater proportion below 
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110°, temperatures that most miislirooni pests ciiii siir\’iye for some 
time. It is true that the high carbon dioxide coiiceiit.ratioii and tlie 
lack of oxygen iiiigh.t cause insect and fungus pests to cease* acriyit}y 
hut they probably can survive for a,, long time under thosenaHidhions. 
Temperatures necessary to kill niushrooni insects «)f various species 
ill tiuir \’ajious stages lia-ve not yet been (,lnt(U“niiiH*d will! accuracy 
but are certainly below 130°. Chapma,n (d) giv(*.s TiTf)'’ as tlu:\ 
highest authentic record of temperature endured by any^ins(a*t. In 
tho case of fiiiigiis pests the beneiits are more uiuaad.aiu, l)(H‘ause 
some fungus pests are known to witlistand temfxu'ai.iHX's liiglier 
than 130T 

SUMMARY 

Gas samples ta,ken. from all parts of muslirooin compost lieaps 
indicate an increase of carbon dioxide and decrease of oxygen toweaxl 
the lower central part of the heap. In flat heaps 3 feet deep a^iuier- 
obic conditions are usually found deeper than 1 foot and more tlian 3 feet 
from the sides of the hea,p. Compost in this portion of th„e hea,p tends 
to be acid, while tliat in well-anrated portions is alJvalinc or neutral. 
The higliest temperatures (160° to 180° F.) are usually (Huifinecl to 
a region 2 to 4 feet from the sides of the heap and 1 to 3 feet from the 
top. The outer layers are cooler because of tlie lack of insulation 
from the outside and the lower central region is cooler because tlie 
lack of oxygen retards tlie microbial activity. At ground level tern- 
peratures (100° to 120°) are usually lower tliari in tlie liiglier stratJi, 
presumably also because of lack of oxygen. A more iiiiifoi’iri disti’i- 
bution of oxygen and wider distribution of the high-teinpcvratiire 
region is induced by placing ventilating tiles at ground level. In all 
probability, conditions such as these influence the suitaliility of the 
finished compost for mushroom culture by establishing the trend of 
the microbial and insect population of the compost liea.]). 
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IRREGULARITIES IN THE INHERITANCE OF THE HAIRY- 
NECK CHARACTER TRANSPOSED FROM SECALE TO 
TRITICUM 

By J. W. Taylor 

Associate agronondst, Division of Cereal Crops and Diseases, Bureau of Plant 
Indiistry, United States Department of Agriculture 

INTRODUCTION 

A preliminary paper ^ recorded the transfer of the ''hairy neck'' 
of rye iSecale) to wheat (Triticum), This transfer of a definite char- 
acter is of interest inasmuch as within Secale there are certain 
economic characters, particularly winter hardiness, that are desired 
in the common wheats. If it can be shown that one character may 
be successfully transferred from one genus to the other there are good 
reasons to believe that other characters also may be transferred. 
This paper deals primarily with the genetic stability and with the 
behavior of these hairy-neck wheat forms in crosses with different 
varieties of wheat. 

REVIEW OF LITERATURE 

Leigh ty and Taylor ^ and Florell ^ report the isolation of hairy-neck 
lines from wheat-rye hybrids. Bleier'^ gives a comprehensive review 
of the work of investigators who have studied phases of the wheat- 
rye problem. FlorelU has reviewed studies on the cytology of 
wheat-rye hybrids. 


MATERIALS AND METHODS 


Hairy-neck is characterized by the presence of pubescence or hairi- 
ness on the peduncle, or that portion of the culm just below the first 
node of the rachis (fig. 1). In rye plants and in hairy-neck wheatlike 
segregates from wheat-rye crosses hairiness varies from a few hairs 
around the apical node of the culm to a dense pubescence extending 
3 or more inches below the head. 

As reported by Leighty and Taylor,^ typical wheatlike hairy-neck 
segregates were selected in 1923 at the Arlington Experiment Farm, 
near Washington, D.C., from descendants of natural wheat-rye 
hybrids found in 1918. Ten of these selections were grown originally, 
but later work was concentrated on three, designated as C, K, and H, 
which it is believed represent the characteiistic behavior of this group 
of selections. 

The three selections are similar to Triticum vulgare^ in their princi- 
pal spike characters, with the exception of the neck (or peduncle), 
which is hairy, as shown in figure 2. The plants are not so tall and 


1 Received for publicatioii Nov. 18, 1933; issued June 1934i 

2 Leighty, C. E., and Taylok, J. W. “hairy neck” wheat segregates from -wheat-rye hybrids. 
Jour. Agr. Research 28: 567-576, illus. 1924. 

3 Florell, V. H. a cytological study of wheat-rye hybrids and back crosses. Jour. Agr. 
Research 42: 341-362, illus. 1931. 

^ Bleier, H. genetik und cytologie teilweise und gane steriler getreidebastarden. 
Bibliog. Genetica 4: 321-400, illus. 1928. 
s Leighty, C. E., and Taylor, J. W, See footnote 2. 

6 According to the rules of botanical nomenclature the name of this species is TrUkum aestimm, but as 
T, mlgare is in general use among agronomists and cereal pathologists and geneticists, the writer gives 
preference to that form. 
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wS-rye hybrids“™X S-teuSw ryefs? Selertfra whoatliko .sol.ictions from 

and <7 are hairy. ’ ' (^eietuon o, beiectjon H; If, Fulcaster wheat, X 3. B, 
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are less vigorous than those of wheat, as is usually the case with hairy- 
neck segregates of wheat-rye crosses. They are more subject to 
natural crossing than are commercial varieties of wheat, and selfing 
has been necessary to maintain them. They may be described as 
ioilows: 



Figpre 2.— -Heads of wheat and three hairy-neck wheatlike selections from wheat-rye hybrids. Selec 
tion K; n, Selection H; (7, Fulcaster wheat; n, Selection C. Natural size. 


Selection G.— A wnless, white glumes, red kernel, with hairs extending one 
half inch downwmd from the apical node. 

Selection K.-—Awned, white glumes, red kernel, with hairs extending one 
half inch downward from the apical node. 

Selection H.-— Awned, white glumes, red kernel, with hairs extending 4 inches 
or more downward from the apical node. Spike more lax than that of Selection E. 
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(3bservatioiis regarding the stability of each of the tliree selections 
witli respect to the hairy-neck character were made. Each of these 
selections was crossed with several varieties of soft red winter wheat 
gro-wii at the Arlington Farm and the progeny were studied in sii(‘h a 
way as to determine the nature of the segregation of the hairy-mH‘lv 
character in relation to other cliaracters of tlie parcuds. F!ie Fo 
popiilatioiis were grown in spaced nursery rows and the K;{ popula- 
tions in 5-foot head rows. All hairy-neck plants of each h\> pop\da(ion 
wdiich produced suflicient seed for a test were coidiniual in thc^ 
generation. Notes on neck character and height wr3re taiven in the 
field. Data on sterility were obtained from the two lower florets of 
each spikelet of tlie primary head* 

EXPERIMENTAL RESULTS 

CONSTANCy OF THE HAIRY-NECK SELECTIONS 

The constancy of tlie hairy-neck cliaracter was determined by 
selfing hairy-neck plants of each of the selections and recording the 
nimiber of aberrant ty pes appearing in tlie following generation. Tire 
data for Selection C, which is regarded as typical of tlie liairy-neclv 
segregates, and whicli has been selfed since 1925, ai’e given in table 1. 
It will be seen that vSelection C does not stand the test of genetic 
purity expected of a true species. Of 3,818 plants grown during the 
8 yea,rs, 262, or nearly 7 percent, were different from those of Selec- 
tion C with respect to the hairy neck. 


Table 1. — Co7istancy of the hairy-neck character in progeny of Selection C selfed for 

8 generations 


Year 

Total 

Plants 
similar to 
Selection 0 

Plants dilTering from 
Selection C 

plants 

Variant 

hairy 

V^ariant 

smooth 



Number 

39 

Percent 

92. 3 

Percent 

7. 7 

Percent 

0. 0 

1025, 

675 

93.8 

5.9 

3 

192B,...„..„ 

608 

94.7 

4. 8 

, U 

1927, 

388 

99.0 

1.0 

.0 

1928,. 

435 

93. 5 

5. .1 

1,4 

1929,.:,,.., 

227 

97.8 

1 1.8 

> ■ . .4 

1930..:-.,., 

423 

91.0 1 

5. 9 

3. ] 

193L. 

1,023 

89. 2 

9. 6 

L2 

Total or average 

3,818 

93. 1 1 

5.9 

t... 0 


Two aberrant types appeared, one, designated ‘Aoiriant smooth 
indistinguishable from wheat, and the other, designated variant 
hairy almost intermediate with respect to hairy neck between Selec- 
tion C and wheat. There were approximately 1 percent of the form el- 
and 6 percent of the latter. Variant smooth is easily distinguished 
from Selection C because it is smooth-necked and taller. Variant 
hairy is from 4 to 6 inches taller than Selection C when grown imder 
favorable conditions, hut the difference in height may not be apparent 
under unfavorable conditions. Partly for this reason it is not so 
readily recognized.^ However, there is good, reason to believe that 
none of the conclusions arrived at herein is invalidated, by errors of 
classification.' , , ,* ' , 
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During the 8 years Selection C never behaved as a pure line. 
Variant hairy necks were found every year and variant smooth necks 
in 6 of the 8 years. The greatest irregularity occurred in 1931, when 
110 plants of a population of 1,023 plants, or 10.8 percent, -were 
variants. The least variation occurred in 1927, when only 1 percent 
were variants. 

Additional data regarding the constancy of Selection C and the 
breeding behavior of the variants selected from it were obtained by 
growing in 1930 a selfed plant of Selection C and selfing the progeny 
and growing them in 1931. The pertinent data are presented in 
table 2. 

The progeny of the single selfed plant in 1930 were classified as 50 
similar to Selection C, 1 variant hairy, and 2 variant smooth. Onl,y 
49 of the 50 plants of Selection C indicated in table 2 were grown hi 
1931, 1 failing to produce sufficient seed. Each of the 49 plant rows 
supported the 1930 classifications, breeding typical Selection C with 
7.3 percent variants. The 2 variant smooth-neck plants bred smooth, 
and the variant hairy-neck plant segregated in the ratio of 3 smooth 
to 1 hairy. 


Table 2. — Breedmg behavior of the hairy-neck character in the 'progeny of a plant 
of Selection C during 2 generations of selfing, 1930 and 1931 


Progeny from selfed plant, 1930 

Progeny from second generation of selfing, 1931 

Type 

Total 

plants 

Total 

plants 

Type of plant 

Selection C 

Variant 

hairy 

Variant 

smooth 

Selection C 

Variant hairy 

Variant smooth 

Number 

50 

1 

2 

Number 

384 

S 

26 

Percent 

92.7 

.0 

.0 

Percent 

7.0 

25.0 

.0 

Percent 

0.3 

75.0 

100.0 

I 


The percentage of smooth-neck plants in this particular line of 
Selection C in 1930 and 1931 was somewhat less (0.7 percent), and 
the proportion of variant hairy plants slightly more (6.4 percent) 
than the average shown in table 1. 

During this study of the inconstancy of Selection C 30 variant 
hairy-neck plants were grown in head or plant rows. These produced 
1,388 plants of which 321, or 23.1 percent, were hairy-necked and 76.9 
percent smooth-necked, thus approximating the results, presented 
later, of crosses between Selection C and wheat. 

The average proportion of smooth-neck plants appearing in Selec- 
tion C, that is, about 1 percent, may be explained by assuming a 
simultaneous loss of the hairy-neck factor in 10 percent of the pollen 
cells and egg cells. The expected proportion of smooth-neck, variant 
hairy-neck (heterozygous), and Selection C types is then given by 
the expansion of the binomial (1-f 9)^. The fact that the smooth- 
neck plants bred true and the hairy-neck plants bred like Fi hybrids 
is ill accord with this hypothesis. However, the average proportion 
of variant hairy-neck plants, approximately 6 percent, is only about one 
third of the number to be expected on this basis. It seems necessary to 
assume also differential functioning or vigor of the two types of gametes 
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or zygotes, or it is possible that the loss of the hairy-iieck fa(3t()r may 
occur ill a somatic division in the development of the priirio:r(J:iiiiTi for 
the flowers of a spike. 

INHERITANCE IN CROSSES OF HAIRY-NEGK SELECTIONS X WHISAT 

Hybridizing the hairy-iieck selections with, common w]::veat ina,y be 
expected to give further information as to the genetic, ini^gularity of 
the hairy-neck character and its relation to the in}ieritan(‘o of c(‘]i:n,iii 
conimoii wheat characters. In 1923 and later, selections from 

phenotypic indications were pure for the hairy-neck cliara.('ter ol the 
C, K, and H selections, were crossed with common wheat-, varieties. 
The varieties chosen differed in snch head characters as awnlessness 
and awnedness, red and white glume color, and smoothness and pubes- 
cence of glumes. The segregation of the common allelomorphs 
permitted "observation as to the effect of an intergeneric character 
on their behavior. 

The Fi hybrids conformed in the more coniinon spilce cliara-cters to 
what would be expected in crosses of wheat varieties; that is, there 
was expressed the incomplete dominance of awnlessness, red glume 
color, and pubescent chaff. The hairy-neck character was dominant, 
but the hairs did not extend downAvard so far as in the parental 
selection, and the density of the hairiness was decidedl}?- reduced. 
The Fi heads appeared fully fertile and were selfed. 

The hairy-neck selections were crossed Avith one or more of the 
A^arieties of Triticum vulgare^ namely, BroAvn Fife,^ l^iirplGst'i*aAV, 
Fulcaster, Nittany, Poole, and Fultz. All except Fulcaster and 
Nittany are awnless, and all except Brown Fife and Poole have 
glabrous white glumes. BroAvn Fife has pubescent red glumes, and 
Poole has glabrous red glumes. 

Glume color developed poorly, and segregates from this (Iiaracter 
were not classified, although it was evident that hairy neck was present 
in both the red- and white-glume segregates of the Fg generation. 
The number of Fj plants secured in each case, the number of F^ plants 
that were grown, and the segregation of the latter with respect to 
presence of awns, pubescence of glumes, and hairy necks are sliown in 
table 3, 

The segregation with respect to aAvns and piilx^sccMice. is wba,t would 
be expected when AUirieties of Triiicmri tmlgare ])ossessing i.hes('. (charac- 
ters are crossed. In the six crosses iiivolving awu segr(\gaIion, the 
fully aAvned recessive constitutes 24.4 percent of the total numlxu- of 
plants that were grown. In the single cross (Selection 0 X Brown 
Fife) involving pubescent and glabrous glumes, 24.1 percent of the 
plants had glabrous glumes. On the other hand, the segregation 
with respect to the hairy-neck character was quite irregular. In the 
five crosses involving Selection C the percentage of hairy-neck plants 
ranged from 17.7 to 29.2 and averaged 25. In the four crosses involv- 
ing Selection K, the percentage of hairy-neck plants ranged from 
30.6 to 48. 2, with an average of 36.2. There were two crosses 
involving Selection H. In these the percentages of liairy-neck plants 
were 61 and 63.4, respectively, averaging 62.9. 


r “Brown Fife” was given in 1922 to a strain of wheat formerly grown as Jones Winter Fife, 

m haoit of growth and morphological characters it is somewhat similar to Orandprize. 
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Table 3. — Segregation in the F, generation from crosses of 3 hairy-neck selections 

with varieties of common wheat at the Arlington Experiment Farm, Rosslyn, Va. 





F 2 plants of indicated class 


Fi 

F2 

Awnless 

Awned 


plants 

plants 

Pubescent : 

Glabrous 

(glabrous) 




Hairy 

Smooth 

Hairy 

Smooth 

Hairy 

Smooth 

Selection Cl X Brown .Fife 

Number 

1 

Number 

220 

Percent 

12.3 

Percent 

63,6 

Percent 

5.5 

Percent 

18 6 i 

Percent 

0.0 

.0 

6.6 

Percent 

0.0 

.0 

Selection C X Purplestraw - 

2 

1, 365 
168 

.0 

.0 

26.4 

73.6 

Selection C X Fulcaster 

1 

.0 

.0 

22.6 

57.7 

13. 1 

Nittanv X Selection 0 

12 

343 

.0 

.0 

15.2 

58. 6 

5.8 

20.4 

Selection C X Poole- 

1 

171 

.0 

.0 

26.9 

73. 1 

.0 

.0 

SA^A<'^t■,inT^l Ft X P!7rp1fiptraw 

4 

486 

.0 

.0 

37.7 

39. 5 

10.5 

12.3 

Selection K X Fultz 

13 

281 

.0 

.0 

23.8 

50.2 

8.2 

17.8 

Fulcaster X Selection K 

1 

191 

.0 

.0 

.0 

.0 

38.7 

61.3 

Poole X Selection ,K 

8 

950 

.0 

.0 

21.9 

52. 1 

8.7 

17.3 

Selection H X Fultz 

1 

100 

.0 

.0 

51.0 

27.0 

10.0 
63. 4 

12.0 

Selection IL X Fulcaster 

9 

383 

.0 

.0 

.0 

.0 

36. 6 




In none of the crosses involving Selections K and H do the ratios 
conform to simple Mendelian inheritance. The average results for 
Selection. C agree exactly with expectations for a monohybrid, except 
that hairy neck behaves as the recessive^ whereas in the Ih tliis charac- 
ter was dominant. The breeding behavior of the Fi of Selection 
C X wheat is similar to that of the hairy-neck variants. 

There is no indication of linkage of the hairy-neck character with 
either of the other characters studied except in the Selection H X 
Fultz cross, in which the proportion of hairy necks in a small popula- 
tion is approximately twice as great for the awmless segregates as for 
the awned. 

A number of the crosses were continued into the Fg generation. 
Some of these were space-planted, but the greater number were 
grown in 5 -foot head rows. In some cases all the plants from the F 2 
rows were grown, whereas in others only the hairy-neck plants were 
grown. The progeny of 388 smooth-neck F 2 plants w^ere grown and 
all bred smooth neck. The data for the hairy-neck plants are presented 
in table 4. 

Of the 125 Fs lines grown from hairy-neck F 2 plants of the two 
crosses of Selection C, only 3, or 2.4 percent, were honioz3Tgous. If 
the hairy-neck character weie a simple recessive, 33.3 percent should 
be hom.ozygous. 

Of the *83 hairy-neck F 2 plants of the cross Selection K X Fultz 
grown in the F3, approximately 11 percent were homozygous hairy 
neck. However, of the 76 F 3 lines of the cross Selection Iv X Pug)le- 
straw 25 percent were homozygous. In the F 2 of Selection K X 
Purplestraw approximately 50 percent of the plants were hairy neck 
as compared to 32 percent in the cross Selection K X Fultz. In the 
former cross the F 2 homozygous hairy-neck plants appeared more 
than twice as often as in the latter cross. 
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Table 4. — Breeding hehavior of hairy-neck Fn plants from, crosses of hmry-neck 

selections X wheat 


Cross 

■Fii lines 

Nninber 

Ileterozy- 
^(Uis hairy 
neck 

Ihniiozy- 
y:ous hairy 
Sleek 



}\ rcfuf 

P( ret nt 

Seieetioii C X Purplestraw .. - 

71 

PH. 6 

1.4 

Nittanv X Selection G._ 

54 

96. :i 

6. 7 

Selection K X Fultz - 

s:i 

S9. 2 

19. S 

Selection .K X Purplestraw' - -- - 

76 

75. 0 

25. 0 

Selection H X .Fiiltz_ - 

54; 

SI. f) 

IS. 5 


The F;i of Selection Iv X Fultz was grown in 1925 and. the F] of Selec- 
tion K X Purplestraw in 1928. The diflference in percentage of homo- 
zygosity of the two crosses is believed to be due to ditferences in t.he 
two seasons, inasmuch as 30 of the segregating F^ lines of Selection 
K X Purplestraw, iiivolving 545 plants, were space-planted and 25.5 
percent of the plants were hairy as compared to approximately 48.1 
percent in the F 2 generation. The higher percentage of hairy-neclv 
plants in the F 2 generation of this cross as com])ared to that of the 
other three crosses of Selection K X wheat, and the coinpara ti vely 
high percentage of F 3 hoinozygous hairy-neck lines, indicate conditions 
unusually favorable for either the formation or the functioning or 
both of the hairy-neck gametes of the Fi plants. 

Of the 54 F3 lines of Selection H X Fultz, 18.5 percent were hooio- 
zygous haiiy-neck. Selection H crosses produced approxiniately 61 
percent of hairy-neck plants in the Fo; that is, the hairy-neck character 
behaved as dominant. However, the F 3 test clearly shows a lethal 
factor operating to eliminate the homozygous hairy-neck type. 

EFFECT OF HAIRY NECK ON .PLANT CHARACTERS 

The supposition of a lethal effect of the hairy-neck factor suggested 
the desirability of a study of sterility, seed gerniiriatioii, height oi‘ 
plant, and tillering of the crosses, especially with respect to tlie 
smooth-neck and hairy-neck segregates. 

Sterility 

The percentages of sterile florets of the hairy-ncck sidcu; lions arid 
of the Fi hybrids between these and certain varhdh^s of wJuuil, 
shown in table 5. 


Table 5.^ — Floret sterility of hairy-neck selections and of Fi hybrids of hairy-neck 

selections X wheat 


Selection or Fi hybrid 

Florets j 

Soed.s 1 

1 

Slerile 

llorets 


Ntimber 

hfimhn 

inrcfiil 

Selection C 

1, 190 

789 

33. 7 

Nittany X Selection C ... 

'309 

ail 

13. 0 

Selection C X Purplestraw 

1, 356 

1,249 

■ ■ 7. 9 

.Selection K. 

282 

159 

■ 43. 6 

Seleet.ion K X Fultz 

536 

487 

9. 1 

Selection ,H 

204 

160 

21, 6 

Selection H X Fultz 

1,06 

102 

3. 8 
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In belectioii C, 33.7 percent of the florets were sterile^ and. in the 
Fi hybrid of Selection C X wheat and its reciprocal, approximately 10 
percent of the^florets were sterile. This is about the average sterility 
for whe^it. The average sterility of Selection K was 43,6 percent 
and of Selection H, 21.6 percent. The Fj hybrids with wheat in each 
case were as fertile as would be expected for wheat, the sterility of 
Selection H X wheat being only 3.8 percent. Selection H has the 
highest fertility of the three selections and the same relation exists 
between the ,Fi hybrids with wheat. It is pertinent in this connection 
to note that in the F 2 generation 61 percent of the plants of this cross 
had hairy necks as compared with 25 and 36 percent in Selections C 
and K, respectively (table 3). In Selection H, hairiness extends 
4 inches down the peduncle as compared to approximately one half 
inch in the other two selections; that is, the degree of hairiness in these 
selections was not positively correlated with reduction of fertility as 
might be expected. 

Seed Germination 

Seed of the Fi plants of wheat X Selection C was planted and allowed 
to mature. Approximately 85 percent of the planted seeds matured 
plants. A similar study was made of Selection K X wheat from F 2 



Figure 3.— Height of plants of different awn and neck types in the Fs generation of the cross Selection 

K >< wheat. 


seed, as no Fi seed was available. Conditions for germination were 
poor, and only 49 percent of the seed of segregating hairy-neck lines 
and a like percentage of homozygous liairy-neck lines matured plants. 
A similar planting of smooth-neck seed from the same cross matured 
only 48 percent of plants. In neither case is there any evidence of 
differential zj^gotic lethals. 
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Height of Plant 

Tlie height of a large number of plants in the Ih and Ih genera, tioiis 
was iiieasiiredj and the data are presented in table 6. In eacli of tlie 
17 possible comparisons of the liairymeck^ with tlie siiiootlimeck 
classes the liairy-iieck plants w^'ere significantly shorter^ in most cases 
iiiaterially so. Tl],e average lieigiit of the smootlniieck plaid^s was 
46.9 indies as coiiipared to 41.4 inches for the liairy-iieck plants. 
Furtlieriiiore^ the homozygous liairy-neck Fa lines 'were^approxiiinitely 
from 2 to 5 indies shorter than those segregating for liairy nec'k. Tlie 
comparative height differences in the classes obtained from tlie cross 
of Selection K X Fultz are shown graphically in figure 3. No signifi- 
cant differences were found betw^een the height of the plants as a 
result of the presence or absence of awns. 

The commonly cultivated rye varieties have hairy neclvs. A few 
strains of sinootli-iieck rye have been bred, the lieigiit of wliidi is no 
greater than that of their liairy-neck relatives. It is probable,, Ihtu'c- 
fore, that the hairy-neck cha,racter in the presence of the rye-iiiromo- 
some set does not adversely affect the height of the plant. The a,\'or- 
a,ge height of tlie rye varieties grown at the Arlington Expcaanumt 
Farm varies from 62 to 65 inches as compared with 46 and 5i indues 
in the wheat varieties. 


Table 6 . — Average height of hairy-neck and smooth-neck plants in heterozygous and 
homozygous hairy-neck lines from hybrids of hairy-neck seleciioris X wheat 


Class and liybrki 

Gener- 

ation 

t 

Plants 

Average height of plants of indicated class 

Awnless 

smooth 

Awnless 

hairy 

Awned 

smooth 

A/wned 

liairy 

HETEROZYGOUS 









Number 

Inches 

Inches 

Inches 

Inches 

Selection K X Fultz...™ 

F2 

2S1 

47. fiiO. 42 

40. 7=h(). 39 

47. 7:1:0. 40 

38. 7rn.l 85 

Do - - 

Fs 

1, 466 

44. 8A: .36 

40. 0± .38 

43. 0± .47 

38. Id:: .57 

Selection C X Piirplestniw 

Fa 

1, 172 

44. Ifh , 39 

WJiAz .45 



Selection H X Fultz.... 

Fa 

90 

47. 5d:: .55 

42. Si .66 1 

47, Od: .69 

40. 9:1:1,83 

Do 

Fa 

443 

49. 1± . 14 

45. 2A: . 16 

49. . 1 1 

4,6. 9:;t; . :16 

HOMOZYGOUS LINES 







Awnless hairy (Selection C X Purple- 







straw) — 

Fa 



30. Irh , 44 

.. „ 


Awned hairy (Selection K X Fultz) 

Fa 





33. 4d,, .80 

Awnless hairy (Selection 'K X Fultz) 

Fa 



35.4:1: ,97 



Awned hairy (Selection H X .FiiltzX™-.. 

Fa 





44. 80 

Awnless hairy (Selection H X Fultz).™™ 

Fa 



43, 2±. , 72 




Tilleking 

Data on tillering were obtained for individual plants in the Fa 
generation of the two crosses Selection K X Fultz and Selection 
H X Fultz. The former was grown on more productive land than the 
latter. In all cases the smooth-neck plants tillered more than did the 
hairy-neck plants (table 7). The differences between awned and 
awnless plants were not statistically significant. 
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Table 7. — Average numher of tillers per plant in classes of hairy-neck selections X 

ivheat crosses 


Average tillers per plant in indicated Fa class 


Cross 

Awnless 

Awned 

1 


Hairy 

Smooth 

Diflerence 

Hairy 

Smooth 

Differ- 

ence 

Seleetioii K X Fultz.... 

Selection H X Fultz 

Number 

6. 7±0. 39 

3. 7± . 12 

Number 

8. 5±0. 46 
5.3±: .30 

Number 

1. S±0. 60 

1, . 32 

Number 

6. 6±0. 58 
3. 4db . 37 

1 

Number 

9. 5±0. 46 
4. 5± . 49 

Number 

2. 9±0. 74 
1. 1± . 61 


BACK-CROSSING Fi HYBRIDS YAIH ^EEAT 

Since no evidence of zygotic elimination was obtained it seemed 
desirable to resort to back-crossing to test for comparative functioning 
of male and female gametes canying the smooth-neck and hairy-neck 
factors. This was done by reciprocally crossing the Fi lybrids with 
wheat, only the Fi hybrids of Selection C and Selection K being used. 
The resulting progeny were then classified with respect to the hairy- 
neck character. Errors due to self-pollinated plants were eliminated 
by the selection of a wheat variety in which selfing could be detected. 
The data are presented in table 8. 

The female gametes of Selection K X Fultz, fertilized by wheat 
pollen, produced plants of which 16.9 percent had hairy necks, whereas 
the male gametes of the same hybrid, fertilizing wheat egg cells, pro- 
duced but 9.0 percent of hairy-neck plants. Similarly, the female 
gametes of the Fi of Selection C X wheat (Purples traw and Nittany), 
fertilized by wheat pollen, produced 13.2 percent of hairy-neck plants, 
whereas the male gametes of the same hybrid, fertilizing wheat egg 
cells, produced 8.9 percent of hairy-neck plants. In all back crosses 
except one a larger percentage of hairy-neck plants was produced 
when the Fi hybiid was used as the female parent. However, neither 
the functional male nor female gametes carried the hairy-neck char- 
acter in the expected frequency, since in back-crossing experiments 
such as these the hairy-neck and smooth-neck gametes should occur 
in equal numbers. 


Table 8. — Hairy-neck and smooth-neck plants resulting from reciprocal back- 
crossing of the Fi hybrid of hairy-neck selections X wheat with wheat 


F]i hybrid. 

Year 

■ 

Fi hybrid as the female 
produced— 

Fi hybrid as the male 
produced— 

Smooth- 

neck 

plants 

Hairy-neck 

plants 

Smooth- 

neck 

plants 

i. 

Hairy-neck 

plants 



Number 

Number 

Percent 

Number 

■Number 

Percent 

Selection K X Fultz..... — 

1925 

23 

6 

20.7 

17 

\ ■ 3 

15. 0 

Do - - 

1026 

46 

8 i 

14.8 

54 

!■ 4 

6. 9 

Total or percent 


69 

14 ; 

16. 9 

■ 71 


i 9.0 

Selection C X Purplestraw— 

1926 

34 

■6 

15.0 

46 

3 

' 6.1 

Nittany X Selection C — 

1929 

IS 


21. 7 

6 

0 

0 

Selection C X Purplestraw 

1930 

93 

11 

10.6 

,92 

Ml 1 

10.7 

Total or percent 


145 

22' 

13.2 

, 144 

■ 14 

8.9 
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Theoretically; there should be ag-reement among the th sc^grc^giitioii; 
the ¥s faiiiily behavior (that is, whether homozygous or heterozygous 
for the neck character), and the results from, the ba(h (‘ross(\s. 
latter indicated that approximately 16.9 J3erceiit^ of tlu‘ fuiud-icanil 
eggs and 9.0 percent of the male cells of Selection K X J^'idtz (tiible 8) 
carry the liairy-neck factor. Assuming the same ganu‘li(‘ frcHpuney 
(1 + 5) (1 + 10) and the same functioning in the sdfed F( hairy 
neck X wheat hybrids, the Fg population should contain 24.2 ptu'ceiit 
of liairy-neck plants, and approximately 6.3 percent of these should 
be lio.niozygoiis in F 3 . Actually, 32 percent of tlie F 2 plants w'ere 
hairy (table 3 ), and 10.8 percent of the F 3 lines were liornozygoiis 
(table 4). 

In Selection C X wheat slightly more than 13 perciynt of tlu^ (\gg 
cells and about 9 percent of the male, cells carried the liair 5 ^-n(‘ck 
character. On this basis the F 2 population from the selfed Fj liybrids 
should be approximately 21.0 percent hairy neck, aiid 5.7 pcn’cent of 
these should be homozygous. The percentage of tlie hairy-nc^yk 
plants actually observed in the Fo generation of the same crosses 
(Piirplestraw and Nittany) was 25.3 (table 3), and 2.4 percent of 
these bred true (table 4). 

The agreement between the data of the different experiments is 
perhaps as close as should be expected, considering the small popula- 
tions obtained from the back crosses and the apparent irregularity in 
genetic expression due to environment. 

DIFFERENTIAL FUNCTIONING OF POLLEN CELLS 

The low percentage of functional gametes carrying the hairy-neck 
factor, as shown in the reciprocal back crosses of the F] hybrids of 
hairy-neck selections X wheat wdth wheat, would indicate eliminar 
tion of the hairy-neck character at meiosis or at fertilization. The 
high percentage of fertility in the Fi hybrids of hairy-necdv vseleetions 
X wheat favors the assumption that functional female gametes (‘any- 
ing the hairy-neck factor are not formed in the ex})ected frc'>(juency. 
The apparent differential functioning of the male gamete of l.luy ,F{ 
hybrids carrying the hairy-neck and sniooth-neck clnu‘a.c4(‘.rs (iuible. 8) 
may, however, be due to a growth differential between the two t,ypes 
rather than to nonformation of pollen, cells carrying the ha.iry-!U‘ck 
factor. Experiineiits were therefore made with ,mixi.ai,res of polhm 
of Selection C and pollen of three varieties of commou wh(‘.a,t, mim(4\g 
Nittany, Dixie, and Red Rock. Heads of the wlieaf- or of Sel{M‘(i('>n 
C were einasculated and at the proper time were pollinated wyitii a 
pollen mixture or first with pollen of Selection C and then with pollen 
of the wheat variety; in the latter case the interval between the two 
pollinations averaged about 2 minutes. The pollen mixture was 
composed of the contents of the same number of anthers of Selection 
C and of the wheat variety. The anthers of Selection C are larger 
than those of the wheat varieties used. 

When wheat was the female, the progenies were grown and classified 
as smooth neck or hairy neck, the results showing which pollen grain 
functioned. When Selection C was the female, glume color or awn 
contrast of the following progenies showed when the wheat pollen 
grain functioned, except in Dixie, when the plants were carried to the 
F 2 generation to identify them. Results of the pollinations are sliown 
in table 9, 
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Table 9.- — Comparative functioning of pollen of hairy-neck selection C and wheat 
varieties in pollen-mixture and double-pollination experiments 


Female parent 

Year 

Pollen source 

Plants c 
resul 
natio 

Wheat 

f indicat 
ing fror 
n 

Selec- 
tion C 

ed type 

Q poili- 

Hybrid 

Flowers 
ferti- 
lized by 
pollen 
carry- 
ing 
hairy 
neck 

Nittany 

} 1928 
1929 
)• 1928 
1929 

[Mixture Nittanv and Selection C 

Num- 

ber 

10 

11 

li 

42 

Num- 

ber 

Num- 

ber 

1 

0 i 
2 ! 
3 

1 

5 

Percent 

Dixie 

[Mixture Dixie and Selection C 



Red. Rock 

Mixture Red Rock and Selection C 

[Selection C and Nittanv. .. _ 



Nittany 



Dixie... 

[Selection C and Dixie .... . 



Red Rock .. 

Selection C and Red Rock 



Total - 




103 


12 

! ml' 

Selection C 

1 

(Mixture Dixie and Selection C ! 


2 

22 

• 

Do 


■1 Selection C and Nittanv ' 


2 

■ 14 


Do.. 

j- 1928 

[Selection C and Dixie i 


0 



Do,. 

1929 

I Selection C and Red Rock 


1 

S 


Total 




5 

51 

8.9 

i 







One hundred and fifteen plants resulted from pollinating the com- 
mon wheat varieties with pollen from the two sources. Only 12^ or 
10.4 percent, were hairy-neck hybrids, the remainder being seifs. 
When the wheats were pollinated with the mixture the percentage of 
hybrids was 7.3, and when pollinated fii’st with pollen, of vSelection C 
and then selfed the percentage of hairy-neck hybrids increased to 
12.2, possibljT- indicating an effect due to rate of pollen germination 
or of pollen-tube growth. 

Fifty-six plants were secured in the experiments in which Selection 
C was the female. Fifty-one, or 91 percent, proved to be hybrids and 
only r5, or 9 percent, were seifs. Approximately the same number of 
flowers of wheat and of Selection C were pollinated in these experi- 
ments, and the fewer seeds and plants obtained indicates again the ste- 
rility of Selection C as compared with that of wheat. These results 
suggest that the pollen cells of Selection C which carry the hairy-neck 
factor are less viable or that the pollen tube grows more slowly than 
that of normal wheat. Poor functioning of pollen cells carrying the 
hairy-neck factor appears at least as probable as nonformation at nieio- 
sis in the Fi hybrid. This is further supported by the agreement be- 
tween the results from back-crossing the Fi of Selection C X wheat 
with wheat (table 8) and the results from pollinating wheat and Se- 
lection C with the pollen mixture. Wheat fertilized with pollen from 
the Fi hybrid (Selection C X wheat) produced 8.9 percent of hairy- 
neck plants, whereas wheat fertilized with a mixture of pollen from 
Selection 0 and wheat produced 10.4 percent of hairy-neck plants; 
and Selection C fertilized by a mixture of pollen from Selection G and 
wheat produced 8.9 percent of selfed hairy-neck plants (table 9). 

DISCUSSION 

The genetic behavior of the hairy-neck wheatlike selections isolated 
from wheat-rye hybrids shows that the addition of the rye character 
results in an unbalanced type. Hairy-neck is a tangible rye character 
transposed to types that are apparently otherwise Triticum ^mlgare: 
A preliminary cytological examination of one of the hairy-neck plants 
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made b}" Floreli ^ showed 44 chromosomes in the root tips as coiiipa-red 
to 42 for T\ mdgare. Inasmuch as the hairy-neck plants are not 
constant, their chromosomal constitution seems to be better repre- 
sented l:)y the qiiajititative expression 2n + 2 rather tlian 2nj .iruii- 
catiiig ill this case no homologue i;n the wheat ci>i:r'i|:)leii:ieiit. i'or tlie r^'C 
(diroiiiosoiiie. Blakeslee uses the formula 2n + 2 for o!h> of his 
Qlobe mutants in Datwm where the unbalance was of a, siniph^. tet- 
rasoiiiic type. 

To explain the genetic behavior of the hairy-neck character it may 
be assumed that the 2^1 + 2 hairy-neck plants ^ normally produce 
rmhl gametes but that occasionally in male and Ih/inale ganietogciie- 
sis tlie rye chromosome is lost, giving a gamete of n c(:.)nsti_tiiti,on. 
The fertilization of n+lXfi gametes results in a zygote similar in 
later behavior to the cross hairy-neck selection X wheat, whereas the 
mating of 71 X r;. gives a zygote w^hich produces a plant indistinguish- 
able from Triticmn vulgar e. 

The chromosome number of the Fi hybrid hairy-neck selection )< 
Tritimm vidgaire, and also of the variant hairy type, would be 2 / 11-1 
and the plants would, be of the hairy-neck type as tlie character is 
dominant over the smooth neck. In gametogenesis and fertilization, 
irregularities in the functioning of 7i-i 1 and n gametes apparently 
occur, as the Fo segregation often shows the hairy character as reces- 
sive, and, results from the back crosses indicate tlnit froin 13 to 17 
percent of the functional egg cells and approximately 9 percent of the 
functional pollen grains carry the hairy character. Furthermore, F^ 
lines homozygous for hairy neck do not appear in the expected fre- 
quency even for a recessive character. Keduced height and tillering 
and varying degrees of sterility in the plants with hairy neck as com- 
pared to those with smooth neck, in addition to the genetic irregular- 
ities, support the belief that there is incompatibility between the 
wheat and rye complexes and that the reaction is unfavorable botli 
to the normal productiveness of the plant and to its constancw iu 
breeding. Whether the addition or substitution of other ryi\ (‘hromo- 
somes ill the wheat complement would react similaiiy is quc^stionalihu 
Wheat-rj^e hybrids carrying all the chromosomes in both wheal, and 
rye, 2/1 = 56, have been produced, but the economic value of such 
plants has not seemed particularly pmmising in thc^. Unil.ed Stat(‘s, 
Wlieat breeders in general are interested in obtaining a deiinilivl}' 
T,mlgare type with certain desired rye characters rather t/ha,n a. ty pe 
intermediate betw^een the two genera. 

SUMMARY AND CONCLUSIONS 

Complete genetic balance has not been obtained in three hairy- 
neck selections of wheat X rye crosses designated as Selection C, 
Selection K, and Selection H, In spite of continuous selfing, approxi- 
mately 1 percent of the plants of Selection C had smooth necks and 
bred true and about 6 percent had hairy necks and bred in the same 
manner as the Fi hybrids. 

The observed proportion of smooth-neck plants may be explained 
by .assuming ,a simultaneous loss of the hairy-neck factor in 10 per- 

8 Letter addressed to J. W, Taylor by V. H. Floreli, Feb. 28, 1931. 

» Blakeslee, a. F. vakiations in datuea O 0 E TO cHEOMOSOMK NUMBBE. Amet. Nat. 66; 16-31. 
illus. 1922. ’ 

10, Levitsky, O. A.,, and Benetzkaia, G. K. cytologicab invebtigatiOns of constant intkembdutb 
EYE-WHEAT HYBEIDS. . (pEEHMiNAKY.. COMMUNICATION.) U.S.S.E. CoBg. G.enet., Plant aiid Amma! 
Breeding, Proc. 2: 345-352, illus. 1930. [In Eussian, English Summary, pp, 360-362.] 
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cent of the pollen cells and egg cells, but the observed proportion of 
hybrid hairy-neck plants has beenynly about one third of the number 
to be expected on the basis of this explanation. It seems necessary 
to assume also differential functioning or vigor of the two types of 
gametes or of the zygotes, or possibly loss of the hairy-neck character 
in somatic mitosis. 

Ill crosses between the three selections and several varieties of 
wheat the hairy-neck character appeared to be dominant, but in later 
generations it behaved as a recessive or in an irregular manner. 

There appeared to be no linkage of the hairy-neck character with 
glume color, with condition of glumes in regard to pubescence, or with 
condition of heads in regard to awns. 

In studies of sterility it was found that Selection C, Selection H, 
and Selection K were materially less fertile than wheat, but that the Fi 
hybrids w^ere approximately as fertile as wheat. There was no observ- 
able inverse relation between degree of hairiness and sterilit}^, as 
might be expected; Selection H, which had more hair on the necks 
than the others, was the most fertile. 

In a comparison of the germination of segregating hairy-neck lines, 
homozygous hairy-neck lines, and homozygous smooth-neck lines, 
no differences were observed. 

In study of the height of plants and of vigor as measured by tiller- 
ing, it was found that in crosses between the three selections and 
wheat the smooth-neck segregates were invariably taller than the 
hairy-neck segregates from the same cross. It wms also found that 
heterozygous hairy-neck segregates were taller than homozygous 
hairy-neck segregates. In all cases smooth-neck plants from these 
crosses tillered more than comparable hairy-neck plants. 

The Fi hybrids were reciprocally back-crossed with wheat. In all 
crosses but one, a larger percentage of hairy-neck plants wxas pro- 
duced when the Fi hybrid was used as a female parent. In the one 
exception there was practically no difference. ^ There was good agree- 
ment among the data secured by back-crossing, the F2 segregation, 
and the breeding behavior of the F3 lines. 

A stud}^ of differential functioning of pollen grains was made 
by using mixtures of pollen of Selection C and one of three varieties 
of wheat. The florets were emasculated and either pollinated with a 
mixture of pollen or pollinated first with pollen from Selection C and 
about 2 minutes later with pollen from wheat. The results indicated 
that the pollen cells of Selection C are less viable or that the pollen 
tube grows more slowly than in wheat. There was apparently no 
discrimination on the part of the egg toward either type of gamete. 

Since the hairy-neck plants are irregular in their breeding behavior, 
it seems logical to represent their chromosomal constitution by the 
expression 2n + 2 rather than by 27 i, indicating no homologue in 
wheat for the rye chromosome carrying the hairy-neck factor. It 
may then be assumed that the hairy-neck plants produce + 1 gametes 
and that occasionally the rye chromosome is lost, giving a gamete of n 
consitution. The union of n+l and n gametes results in a zygote 
similar to that produced by a cross of a hairy-neck selection X wheat, 
and the union of ^ gametes produces a plant wkich cannot be dis- 
tinguished from, wheat. , k , 
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RATION, OF SUPPLEMENTS OF PHOSPHORUS IN THE 
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INTRODUCTION 

Studies of calcium and pliosphorus metabolism carried on for a 
number of years at tlie United States Dairy Experiment Station at 
Beltsville, Md., have shown that a proper adjustment of the mineral 
content of the ration is of vital importance to health, milk production, 
and reproduction in the dairy cow. 

The work of Sholil {Sy with rats a few years ago suggested the 
possibility that the assimilation of calcium and phosphorus might be 
affected by a change in the acid-base ratio of the ration. Shohl 
found the greatest retention of calcium and phosphorus in rats on a 
neutral diet. The neutral diet wms obtained by adding orthophos- 
phoric acid to an alkaline ration. The alkaline ration alone produced 
the symptoms of tetany and the acid ration (made by adding phos- 
phoric and hydrochloric acid to the alkaline ration) produced the 
symptoms of rickets. 

One of the writers (d) has shown that for favorable assimilation of 
calcium and phosphorus by dairy cows the calcium-phosphorus ratio 
should not be too wide. Dairy rations of alfalfa hay and grain 
often have a rather large proportion of calcium as compared with 
phosphorus. 

The experiments here reported were undertaken (1) to stud}’’ the 
effect of variations in the alkalinity of the ration on the calcium and 
phosphorus metabolism in cows, and (2) to determine the form in 
wixich supplements of phosphorus could best be supplied. In the 
first experiment the ration w^as supplemented with soluble phosphates ; 
in the second experiment bone meal wras used. An attempt wuis 
made to eliminate the effect of any organic food constituents by 
feeding a uniformly good quality of hay and grain throughout. 

FIRST EXPERIMENT: ORTHOPHOSPHORIC ACID, MONOSODIUM, 

DISODIUM, AND TRISODIUM PHOSPHATES AS SUPPLEMENTS 

OF PHOSPHORUS 

In the first experiment a basal ration somew^hat low" in pliosphorus 
wuis used and phosphorus supplements were added in the form of 
orthophosphoric acid, inonosodium, disodium, and irisodium phos- 
phates. These were added in such amoimts as to maintain a calciuin- 

1 Received for poMcation Nov. 23, 1933; issued June, 1934. 

2 Reference is made by number (italic) to Literature Cited, p. 630. 
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pliof^piiorijs ratio in the feed below 1.50, preferably about 1,25. 
Ibider such conditions it was hoped that some superiority of one form 
{)f sup])leiiieiit over another would be apparent. 

Cliiciilated, according to Shohl, on the basis of iiiorgaiiic acids and 
!)ases in the ration, 100 giaanis of this basal ration w{is equivalent to 
03.3 cubic ceiitinieters normal alkali. The amount of pliosphoric 
acid added was in no case sufficient to neutralize tlie a,lkaJ.iiiity'. 
This irietliod of calculating the reaction of the ra.tion, however, 
disregards carbonates and organic acids. It may be said to give a 
rough idea of the titratable alkalinity of the ration, but it gives no 
idea of what the hydrogen-ion concentration would be in the kind of 
watery extract that is formed when such a ration is introduced into 
the alimentary tract. The amounts of orthophosphoric acid and of 
trisodium phosphate used in this experiment may well have been 
sufficient to produce definite changes in the bydrogen-ion concentra- 
tion of the alimentary contents in the early stages "of digestion. 

The provision for additional phosphorus, at least in the form of the 
more neutral suppleiiients, has proved valuable and the results have 
led to certain conclusions which will be discussed later. 

EXPERIMENTAL PROCEDURE 

For this experiment three Holstein cows were used. Cow 265 wuis 
a purebred, and cows A-37 and A--40 were grades. Cows A-37 and 
A-"40 were about 4 years old, and cow 265 was 9 years old. All three 
cows were pregnant and in the fourth month of lactalion when the 
experiment was started, but cows A~37 and 265 aborted early in the 
experiment after about 2 months of pregnancy. They were bred 
again and, at the end of the experiment, cow A-37 had completed 
5 months of pregnancy; cow A~40, 7 months; and cow 265, 1.5 months. 

The experiment began September 20 and ended Marcli 13, a period 
of 25 weeks. During the first 4 weeks a basal ration was fed, con- 
sisting of U.S. No. 1 grade alfalfa hay and a grain mixture (whole 
yellow corn meal, 40 parts; wheat bran, 30 parts; soybean meal, 20 
parts; linseed meal, 10 parts; and sodium chloride, ‘ 1 partb Tlie 
cows were given as much feed as they would ‘‘clean up’’ and an <drort 
was made to maintain, about ecpial consumption of grain and bav. 

Because of the hot weather at this time (early fall) it was didimilt 
to induce the animals to consume sufficient feecl to meet tlieir (uuu-gy 
requirements,, particularly in the case of cow 265. This (‘ow wa's 
offered a little timothy hay. She seemed to relish it, and. sima^ it 
had been observed in other experiments at this station 0^) that 
animals at times indicated a preference for timotliy hay after pro- 
longed periods of alfalfa-hay feeding, it w^as decided to ‘give alb the 
cows a feeding pe.riod on mixed timothy and alfalfa hay. Accord- 
^^^ly? for the next 4 weeks, half of the alfalfa hay of the basal ration 
was replaced by U.S. No. 1 grade timothy hay. During the following 
2 weeks the basal ration was again fed. 

During the. last 15 weeks of the experiment different phosphorus 
supplements (equivalent to about 25 to 27 grains of phosphorus daily) 
basal ration for periods of 3 weeks each, to learn 
the effect of varying the alkalinity of the ration. 

^ Beginnmg mth the ninth weekUlie cows were exercised 10 minutes 
daily unth the end of the experiment. At about that time tlieir 
appetites began to improve and subsequently their rate of food con- 
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sumption became steadier. This maybe attributed to a combination 
of factors — exercise, cooler weather, and possibly the feeding of 
phosphorus supplements. - 

The weights of the cows at the beginning and end of the experiment 
were, respectively: Cow A~37, 561 and 651 kilograms; cow A-40, 504 
and 577 kilograms; cow 265, 634 and 604 kilograms. The loss of 
weight by cow 265 was due to the fact that she would not eat suffi- 
cient feed to meet her energy requirements. 

Ha\y and grain were fed twice a day and the cows were milked 
tliree times a day. Detailed analyses of the feeds are omitted. The 
alfalfa hay contained approximately 1,5 percent calcium, 0.2 percent 
phosphorus, and 2.4 percent nitrogen. The timothy hay contained 
about 0.35 percent calcium, 0.12 percent phosphorus, and 0.82 percent 
nitrogen. The average grain mixture contained about 0.13 percent 
calcium, 0.7 percent phosphorus, and 3.4 percent nitrogen. The 
phosphorus content of the grain was increased b}^ the addition of 
phosphorus supplements, and was then between 0.9 and 1 percent. 

Chemically pure materials were used as supplements and were 
mixed with the grain. Tliree parts of siriipy orthophosphoric acid 
were diluted with 2 parts of water and dropped on the grain as fed 
each day. During the last 3 weeks of the experiment the phosphoric 
acid was thoroughly kneaded into the grain mixture to insure actual 
consumption of the acid. 

EXPERIMENTAL RESULTS 

Table 1 shows the average weekly feed consumption, milk yield, 
percentage of calcium and phosphorus in the milk, and the calcium 
and phosphorus balances for each cow during the different feeding 
periods. The figures for assimilated calcium and phosphorus were 
calculated as described in a previous publication (3). 

Both calcium and phosphorus values indicate that the different feeds 
affected the composition of the milk, probably through changes in 
the composition of the blood. The phosphorus content of the milk 
shows a fairly definite tendency to be a little higher during the periods 
in which the phosphate supplements were fed than at other times. 
The calcium in the milk is noticeably higher when the cows xvere on 
the basal ration than when grain, alfalfa, and timothy were fed, and 
also shows a tendency to be higher on the orthophosphoric acid 
supplement than on trisodium phosphate. In the case of cow A~40 
this latter tendency is partly masked by the general tendency for the 
milk calciuin to increase during the latter part of lactation, due 
perhaps to the decreasing milk yield. 

The graphs in figure 1 show the fluctuation in the calcium and 
phosphorus content of the body 'which occurred during the course of 
the experiment. The calcium and phosphorus graphs are drawn on 
dift'erent scales, in the ratio of calcium to phosphorus in bone. A 
variation of 100 grams of calcium corresponds to a variation of 46 
grams of phosphorus. If the calcium and phosphorus baknces 
signify a building up or breaking down of bone material only in the 
body, then the graphs should follow an identical course. The fact 
that considerable divergence is shown between the calcium and phos- 
phorus graphs indicates some dffierence in the storage possibilities of 
these two elements in the body, or in the intestinal tract. 
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While this experiment was undertaken for the purpose of investi- 
gating the effect of variations in the alkalinity of the ration on the 
calcium and phosphorus metabolism of cows, yet, as the experiment 
progressed, other factors were in- 2 ^ ^ ^ ^ ^ ^ 

dicated as of equal, or possibly i ^ S is 

greater, importance than the reac- « 
tion of the ration, namely, the I 

quantity and proportion of cal- — 

cium and phosphorus in the ration. ^ ^ y== 

A basal ration of alfalfa hay l_J y 

and grain probably does not con- / 

tain the optimum proportion of 
phosphorus to calcium for high \ 

milk production, even though — H — 

the grain (containing 30 percent 

wheat bran) has a fairly high phos- IX - . j\ - 

phorus content. This is indi- ! r\ 

cated by the fact that all the cows | I 

showed excessive losses of phos- \ | j i 

phorus from the body while on — ^ 1 

this ration during the first period. VV ^ ^ — -jX__ 

Insufiicient phosphorus intake j\ j. A/j 

and rather generous milk flow are \V I i 

probably the factors causing the L i y I 

negative balances at this time. \ ^ ^ 

The calcium-phosphorus ratio in — v=v — 

this period ranged from 1 .5 to 1 .8. — vV X- 

In the second period the intake _ \ \ 

of calcium was greatly reduced by \ \ j 

the substitution of timothy hay V\ cow zes | 

for half of the alfalfa in the basal Y\7V i !A 

ration; while, in the third period, \ — 

the calcium intake was increased \ k — 

by a return to the basal ration. | 

The calcium and phosphorus bal- \ I 

ances became more negative in | \ 

the second period, and less neg- ~pi“ ^ 

ative in the third period, but it is -^5 

doubtful whether these changes — § — — 

in the balances have any physio- 1 

logical significance. The matter i \ : 

can be more profitably discussed j \ 

in connection with some of the ; — 

results of the second experiment, i ' . - [iU iili i '';v U 
which will be given later. weeks 

With the introduction of the FigtieeI. — F luctuation in the content of calcium and 
, T ■, i 1 ‘ phosphorus in the bodies of the cows during the 

pnOSpilOruS supplements during course of the first experiment. The solid line repre- 

fKp rATri?»inHpr nf fKp AYnArimPTit calcium; the dotted line, phosphorus. The 

rne remailluer OX me expeiinienti divisions on the ordinate correspond to 100 grams of 

the phosphorus intake was mate- caleliun or 46 grams of phosphoms, the ratio in 

. rrn * • 1 which the elements are present in bone. 

rially increased, ihis increased 

phosphorus intake did not appear to be very effective in preventing 
mineral losses, however, when supplied in the form of orthoplios- 
phoric acid, as in the fourth and eighth periods. The quantities of 


J234567 8 » 10 It 12 13 K 15 16 17 18 19 20 21 22 23 24 25 
WEEKS 

FlGUEE 1. — Fluctuation in the content of calcium and 
phosphorus in the bodies of the cows during the 
course of the first experiment. The solid line repre- 
sents calcium; the dotted line, phosphorus. The 
divisions on the ordinate correspond to 100 grams of 
calcium or 46 grams of phosphorus, the ratio in 
which the elements are present in bone. 
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phosphorus in the ration and the calcium-phospliorus ratio iissunuHl 
more appropriate values (average 1.19). In spite of this the ammals 

GOiitiiiii.<s(i to lose calciiiiii and pliospliorus in the fourth, peii(,)d. In 
the eiaditli period, when the same supplement was fed, the pliospliorus 
losses^rere considerable in the case of cows A-37 aiul^ 21)5. 1 lart ( / ) 

recently observed, after administering hydrochloric acid toyows, tliat 
there was a dive.rgence of the calcium excretion, froiri tlie feces t-o the 
urine but no iniproveinent in calcium balances. 

During th,e fifth and sixth peiiods, monosodmm and. disodiiim plios- 
pliates were used as supplements and the effect was mar.ked. .Not 
only were calcium and phosphorus losses checked in the case of all 
animals but a distinct recovery of mineral stores was initiated which, 
extended even into the seventh period. This occurred without aipy 
great reduction in milk yield and while the calciiim-phosphorus ratio 
was being maintained at the above-mentioned appropriate value. 

The effect of trisodiuni phosphate as a supplement was so.mewli.at 
irregular. Possibly the alkalinity of this material was unfavorable 
for mineral absorption. 

These results would seem to indicate that by merely siipplyiiig a 
suitable neutral phosphorus supplement in sufficient quantity and in 
proper ratio to the calcium present in the ration (that calcium being 
already present in an available form and in generous amount), a 
phosphorus-deficient ration can be made adequate and equilibriiim 
or positive balances can be obtained. It seems reasonable to assume, 
since the mature high-producing cow^s cliief need for calcium and 
phosphorus is to secrete them in the milk, that the ration which she 
receives should contain calcium and phosphorus in approximately the 
same proportion that they occur in milk, namely, about 1.1:1. If 
calcium and phosphorus are supplied in assimilable form and in suffi- 
cient quantity and in the proportion present m milk (the ration being 
satisfactory in other known respects), then, the writers believe, miiclii 
will have been done to improve the mineral nutrition of the cow. 

Phosphorus, in the form of disodium phosphate, was fed to dry 
cows at this station, several years ago (4). Very definite increases in 
milk yield during the subsequent lactations were noted. At that 
tune, however, only a few short-time balances were followed where 
the cows were receiving a mineral phosphorus supplement. 

Since the supplements monosodiuin and disodiiim phosphate have 
brought about so marked a retention of calcium and j>hosj)lu>]‘ns in 
animals that have suffered considerable mineral losses, they should 
also be effective in preventing such losses in animals in a, h(‘f:f;c.r 
state of nutrition. That such losses, however, are not entirely pi*e- 
ventable is evident from an experiment conducted at this station 
recently (7). In this instance two cows giving 21 to 28 .kilograms of 
milk daily were fed the best ration that the writers could devise, in- 
clud.mg a supplement of disodium phosphate. With average daily 
calcium and phosphorus intakes of 129 and 117 grams, respectively, 
these cows were slowly but steadily losing calcium and phosphorus 
from their bodies. It seems impossible to escape the conclusion 
recently stated by Hai’t (7), that in the early period of lactation, 
espectaMy with high milk flow, the calcium assimilation from the diges- 
ti\e tract is insufficient to meet the needs of mammary sec,retio,n a,nd 
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the skeleton is drawn upon, with a negative calcium balance result- 
ing.” The interdependence of calcium and pliosphorus metabolism 
involves a simultaneously lowered phosphorus assimilation. 

SECOND EXPERIMENT: BONE MEAL AS A PHOSPHORUS 
SUPPLEMENT 

A second experiment, conducted in a somewhat different manner, 
was completed about a year later. In this experiment bone meal 
was used as a supplement instead of the soluble phosphates used in 
the first experiment. Bone meal is so often employed as a source of 
calcium and phosphorus for cattle that it was thought advisable to 
study its effects on the metabolism of these elements; but, as will 
appear later, its use introduces experimental complications, w^hich 
make it necessary to exercise great caution in drawing conclusions as 
to the physiological significance of the results. 

EXPERIMENTAL PROCEDURE 

Three grade Holstein cows were used in this experiment — cows 
A“37, A“43, and A~46. Cows A-37 and A~46 wnre not pregnant; 
cow A-43 had been pregnant for about a month at the end of the 
experiment. The animals were from 3K to 5 years of age. 

The experiment began November 5 and ended January 13, a period 
of 10 weeks. During the first 3 weeks of the experiment the same 
basal ration was used as in the first experiment. During the next 7 
weeks supplements of bone meal and disodiuin phosphate were added 
to the basal ration, bone meal the first 3 weeks and phosphate the last 
4 weeks. The amounts used w^ere so regulated as to introduce a uni- 
form increase in the phosphorus intake, that is, one wiiich, when intro- 
duced in the form of sodium phosphate, would keep the calcium- 
phosphorus ratio in the feed between 1.1 and 1.5. Obviously wdien 
bone meal was used it w^as impossible to make tins correction in the 
calcium-phosphorus ratio of the feed. These supplements w>ere added 
to the grain mixture, and in the case of bone meal, represented about 
3.8 percent, and in the case of the disodium phosphate, about 6.5 per- 
cent of the mixture. 

The weights of the cows at the beginning and end of the experiment 
were respectively: Cow^ A-37, 568 and 575 kilograms; cow^ A-43, 439 
and 469 kilograms; cow A-46, 452 and 461 kilograms. 

Hay and grain were fed twice a day and the coW'S were milked 
three times a day. 

The alfalfa hay contained about 1.5 percent calciiim and 0.2 per- 
cent phosphorus, the grain 0.13 percent calcium and 0.7 percent 
phosphorus. Chemically pure disodium phosphate and a Mgh grade 
of bone meal were used to supplement the grain inLxtiire and w^ere 
thoroughly mixed with it. The bone meal contained 29.45 percent 
calcium and 14.06 percent phosphorus. 

EXPERIMENTAL RESULTS • 

The milks secreted showed a uniform slight increase in phosphorus 
content when bone meal was fed (table 2). 



, percentage of calcium and phosphorus in the milk, and the calcium and phosphorus balances 
or the S cows during the different feeding periods 
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Figure 2 shows the fluctuation in calcium and phosphorus content 
in the bodies of the cows during the course of the experiiiierit. 

From a study of table 2 and figure 2 it is evident that the cows re- 
tained calciimi during the period in which they were on the basal ra,- 
tioii (except cow A-43) and that they retained even more calcium as 
well as phosphorus during the bone-meal supplement period but lost 
both calcium and phosphorus dining the sodiiiiii- 
phosphate supplement period. 

i is ii The effects of changes in rations on calcium and 

phosphorus balances noted here are typical of those 
observed in all balance experiments where the intakes 
of calcium and phosphorus are varied markedly dur- 
ing the experiment. It is probable, however, that 
these changes do not represent alterations in the 
amounts of calcium and phosphorus stored in the 
bones or other internal tissues of the animal, but 
changes primarily in the amounts of calcium and 
phosphorus held in mechanical suspension in the fluid 
contents of the stomachs and intestines. 

The bovine intestinal tract has a very complicated 
form, consisting of the four stomachs, one of which 
has highly corrugated walls, in addition to the large 
intestine and the very long and convoluted siiiall 



intestine. There can be no doubt that considerable 
proportions of such insoluble material as tricalcium 
phosphate, or of any calcium and phosphorus com- 
pounds capable of forming tricalcium phosphate, when 
introduced into this tract with the food, are likely to 
remain in it for long periods. Furthermore, the 
normal amount of the bovine intestinal contents or 
is very large. In the case of three cows of the 
Jersey type recently slaughtered at this station after 
they had fasted for 24 hours, the average amount of 
fill was 52 kilograms. It is probable that in tlie case 
of Holstein cows on full feed the fill would be about 
100 kilograms. 

Some idea as to how much calcium is likely to be 
retained in the intestinal contents and how long this 
element is likely to go on increasing tliere during a 
period of bone-meal feeding may be obtained from 
the figures given for the calcium in the urine and 
feces of cows A-43 and A-46 in table 2. Cow A-'37 
is omitted from this discussion because she was badly 
off feed in the last of the periods in which bone meal 
was fed. It will be seen that the calcium content of 
the urine and feces of cows A-43 and A-46 did not 
reach its height until the second or third week of 
bone-meal feeding. 

Lnfortiinately the percentage of calcium in the feces alone was not 
determined.^ However, the percentage of calcium in the amount of 
feces and urine discharged weeldy and mixed with a small amount of 
wash water was determined; and, as the mine contains very little 
calcium as compared with the feces, these figures give a rough idea of 


Figiibe 3,- fluctua- 
tion in tile content of 
cal ei urn and pbos- 
phorus in the bodies 
of the cows during 
the course of the sec- 
ond experiment. The 
solid line represents 
calcium: the dotted 
line, phosphorus, 
The divisions on the 
ordinate correspond 
to 100 grams of cal- 
cium or 46 grams of 
phosphorus, the ratio 
in which these ele- 
ments are present in 
bone. 
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tlie aiiioimts of calcium contained in the intestinal contents at the 
beginning: and end of the bone-meal feeding period. The actual 
anioiiiit of calciuni contained in the fill at the beginning of this period, 
and the actual increase during its progress would, of course, be consid- 
e:ra,bly larger than these figures indicate. 

The average aniount of calcium in the urine and feces of cows A-43 
and .A-46 during the last period that they were on the basal ration 
was 0.238 percent, and during the last period on bone meal it was 0.378 
percent. On the supposition that the fill amounted in each case to 
100 kilograms, tliis would mean that the intestinal contents of the cows 
had 238 grams of calcium at the beginning of the bone-meal feeding 
period and 378 grams at the end, and that the calcium retained in the 
intestinal tract increased by 140 grams during this period. This in- 
crease accounts for most of the increase in body calcium as shown by 
the balance results. It is not unreasonable to suppose, therefore, that 
the positive calcium and phosphorus balances in the second period of 
the experxnient represent merely an accumulation of these elements in 
the intestinal contents; and that the negative balances in the third 
period represent a gradual loss of this accumulation after the daily in- 
take had been decreased. 

It is not unlikely that a somewhat similar explanation may account 
for the changes in the balances which took place in the first, second, 
and third periods of the first experiment where the intake of calcium 
was reduced by the feeding of timothy hay. This interpretation 
would not appear to invalidate the conclusions expressed in respect to 
the different phosphate supplement periods where the intakes of cal- 
cium and phosphorus were maintained quite uniformly constant. 

SUMMARY AND CONCLUSION 

Two experiments made to determine the relative value of certain 
soluble phosphates and bone meal as phosphorus supplements in dairy 
rations, are reported. In the first experiment the phosphorus supple- 
inents were ortliophosphoric acid, monosodium, disodiuni, and tri- 
sodium phosphates; in the second experiment bone meal was used. 
During the first period of each experiment the same basal ration was 
fed, but the first experiment was started in late September, when hot 
weather and annoyance from flies reduced the consumption of feed, 
whereas the second experiment was started in the cooler weather 
of November. The result was smaller intakes of calcium and 
phosphorus and negative balances in the first experiiiiexit and larger 
intakes of calcium and phosphorus and positive balances in the second 
experiment. . ' ^ 

Dairy rations of alfalfa hay and grain often have a rather large 
proportion of calcium as compared with phosphorus. The experi- 
ments here reported indicated that calcium and phosphorus balances 
of cows fed on such rations may sometimes be rendered more positive 
by adding orthophosphates to them. This improvement is more 
marked when the nearly neutral phosphates disodiuni phosphate, 
and monosodium phosphate are used than when orthophosphoric 
acid or trisodium phosphate is used. y 

Large increases in the amount of calcium and phosphorus received 
by cows in their rations are likely to be followed by more positive 
calcium and phosphorus balances; decreases, by less positive balances. 
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There is reason to believej however, that considerable quantities of 
calciurii and phosphorus may be retained as insoluble tricalciuni phos- 
phate for several weeks in the intestinal tracts of cows, and there is 
no way of knowing what proportion of positive ealciuni and phos- 
phorus balances is "to be explained^ in this way and what proportion 
really represents a gain in bone tissue. Changes in the balances, 
following large ciianges in the calcium and phosphorus intake^ and 
lasting not more than a few wrecks, should not therefore be taken as 
au3" certain indication of changes in the assimilation of calcium and 
phosphorus from the intestinal tract. 
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INHERITANCE OP RESISTANCE TO LOOSE SMUT IN 
CERTAIN WHEAT CROSSES* 


By D. C. Tinget, assistant agronomist, and Bion Tolmam, graduate student, Utah 
Agricultural Experiment Station - 

INTRODUCTION 

During recent years the principles of Mendelism have been applied 
extensively in the production of new types of plants possessing resis- 
tance to various diseases. The results of this mode of attacking the 
disease proUem have been highly favorable. Old varieties are 
gradually giving way to newer typ'es equal to or exceeding the old 
in quality and productivity as well as possessing resistance to one 
or more diseases. 

Loose smut in wheat, Ustilago tritici (Pers.) Jens., while not as 
serious a problem in Utah as the covered smut (TiUetia spp.) has, 



Figure l. “Estimated average annual loss of wheat due to loose smut, by States, 191 7-26, inclusive. From 
Journal of Agricultural Besearch 39: 314 (1929). 

according to Tapke {16)^ caused an average annual loss in this 
State of between 50,000 and 100,000 bushels of wheat (fig. 1). The 
various methods advocated for the control of loose smut in wheat, 
with the exception of the use of resistant varieties and hot-water 
treatments, have been either impractical of application or ineffective 
in control, or both (if d). 

1 Received for publication, Sept, 26, 1933; issued June, 1934. 

2 The results reported herein were obtained in cooperation with the Di vision of Creal Crops and Diseases, 
Bureau of Plant Industry, U.S. Department of Agriculture. The writers are indebted to R. J. Evans, 
agronomist and A. L. Wilson, associate horticulturist, of the Utah Agricultural Experiment Station; 
to V. H. Tingey, assistant professor of mathematics, of the Utah State Agricultural College; and to F. A. 
Abegg, associate geneticist, Division of Sugar Plant Investigations, U.S. Department of Agriculture, who 
critically read the manuscript. Acknowledgment is made to V. F. Tapke for the use of figures 1 and 2. 
The writers wish also to express their appreciation to Margaret Richards Cook, who calculated the data in 
tlli.0 tsilblos 

3 Reference is made by number (italic) to Literature Cited, p. 655. 


(631) 


J ournal of Agricultural Research, 
Washington, D.C. 


VoL 48, no. 7 
Apr. 1, 1934 
Key no. irtah-31 



632 


Journal of Agricultural Research 


Vol. 48, no. 7 


Acc.orclino’ to Tapke (16) the modified hot-water treatment devised 
by Freemaii and Johnson (4) has generally been the nietlmd recoin- 
iiieiided. While this method is effective, if properly earned.^ out, it 
is rather complicated and tedious to apply, especially lor birnici's, 
who usually are not properly equipped. Because of this and ihe. lari 
that the disease frequently escapes observation, seed {reai.meiit lor 
the control of loose smut is seldom practiced; as a resuU, ihe discnist' 
is allowed to go unchecked. The development of a resistant variety 
possessing the other desirable characteristics of locally grown spring 
wdieats would be a decided advantage to the farmers in combating 
the disease. 

REVIEW OF LITERATURE 

A number of studies have been made on the comparative resistance 
of wheat varieties to loose smut. Tapke (16) gives an account of his 
studies on varietal resistance to this disease. It is evident^ from his 
work, as well as that of others, that some varieties exhibit greater 
resistance than others. Matsuura (12) reviews a report, Washington 
Agricultural Experiment Station Bulletin 155, presumably on Urn 
inheritance of resistance to UsUlago tritici. However, the original 
article refers only to smut and does not state whether it was f/. tritici 
or Tilletia triMci, An article by T. Kildiiff (9) came to the attention 
of the writers as this manuscript was ready for publication. The 
writer was unable to give a genetic anal37-sis of inheritance to loose- 
smut resistance. 

EXPERIMENTAL MATERIAL AND METHODS 

PARENTAL MATERIAL USED 

Varieties and strains of wheat used in these studies were Hope C.I. 
8178; Preston C.I. 3081; 01-24, C.I. 11542; Dicklow No. 3; and 
Federation. These are all classed as Triticum tulgare Vill. wheals. 
The two leading spring varieties grown in Utah are Federation and, 
Dicldow. Dicklow No. 3 is a Utah selection out of the Dic.klow 
variety. This strain is the one used as a check in the wli.eat-nurs('ry 
tests conducted at the station. It is more uniform, is less subpad, to 
lodging, and is a slightly higher yielder tlian the ordinary D'icklow 
variety. Strain 01-24 is a new production from the Utah station. 
It is a strong-strawed, high-yielding, wdiite-kerneled spring wh(\a,t. 
The parents of this strain are notf definitely knowm. However, it is 
probably a segregate out of either a Dicklow X Federation or a Dick- 
low X: G.I. 4722 cross. The reaction of this- strain to loose , smut 
places some doubt on the possibility of its being'out of the Dicklow X 
Federation . cross, as ^Federation appears to possess, iio /factors for 
resistance and 01-24 is more resistant than, the Dicklow No. 3 strain. 
There is, however, the possibility that the Dicklow or Federation used 
in the cross from which 01-24 might have been selected was more 
resistant than the Dicklow No. 3 or |the Federation used in these 
studies. Selections of Dicklo.w and Federation made at the Utah 
station show definitely that .these two. varieties do possess, in, dividiials 
.differing m physiological characters; similar or even .greater differences 
are possible in regard, to their reaction to loose smut. A history of the 
origin and development .of Hope ■O.I..' 817.8 is given .by .M:,eFadden 
(fO); Preston C.I. 3081 and .Federation' are described by .Clark- et a.l. 
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(i). The varietieSj with contrasted characters studied^ are shown in 
table 1 . 

Table 1. — Contrasted characters of the 'parents studied in the crosses 


Parental Yariety 

Morphological characters 

Average per- 
centage of 
infection with 
loose smut 

Presence or absence of 
awns 

Chaff color 

Grain color 

Hope - 

Fully awned . 

White 

Red--. 

0 

1.6±0.39 
18. 55=bl. 21 
38. 47d=l. 27 
73. 50±1. 57 

Preston 

do-_ 

do 

__do._ - 

{)l-24._. 

Short apical awns-- __ 

Bronze. 

White 

Dicklow No. 3 

Pederation 

do--- 

Short beaks 

White - 

do 

1 Bronze 

do._ 



j 



Inociilation experiments conducted in 1928 showed Hope wheat to 
be completely immune to the inoculum used. Later McFadden (10), 
who is responsible for the development of this variety, was led to 
conclude from his observations and tests that Hope wheat is higlily 
resistant, if not immune, to the loose smut occurring on Kota. Other 
strains and varieties were found to possess varying degrees of resist- 
ance. However, Dicklow and Federation were found to be susceptible 
to the inoculum used. Federation was highly susceptible, whereas 
Dicklow possessed only a fair degree of resistance. This was some- 
what surprising as Dicklow has consistently smutted under natural 
conditions more than Federation. However, it is undoubtedly due 
to a type of morphological resistance possessed by the Federation 
and not by the Dicklow variety. This resistance appears to be of such 
a nature as to prevent the smut spore from coming in contact with the 
stigma, such as having closer flowering glumes or having stigmas 
which are less likely to protrude outside the flowering glume during the 
blooming period. 

INOCULUM USED 

One of the difflciilties in attempting to place the mheritance of 
disease resistance on a definite factorial basis is the possibility that 
the inoculum used may not be of a single physiologic form. 

Rodenheiser ( 14 ) concluded from culture studies on nutrient media 
that there were physiologic forms of Ustilago tritici and U. nuda 
(Jens.) K. and S. In fact, he is of the opinion that U. irUiciuxiid U. 
rmda are physiologic forms rather than separate species. Whether 
these or other forms will be different pathogenically remains to be 
determined. However, there is reason to believe that there are 
different physiologic forms of TJ, tritici, Humplirey and Tapke (8) 
conclude from cross-inoculation experiments that wheat and rye 
smuts were identical U. tritici. Reed (fd) reports physiologic strains 
within 17. amnae (Pers.) Jens. Paris (f) has reported similar results 
on U, hordei (Pers.) K. and S. Tisdale and Johnson (i7) and Stak- 
man and Christensen (15) have demonstrated the existence of 
physiologic strains of U. seue (Beckm.) Ung. The inoculum used 
was originally taken from the Dicklow variety, and it apparently 
spread to Federation and Sevier. Dicklow has been grown at the 
Utah station for years, and the other varieties, except Federation 
and Sevier, have shown little or no infection. Some preliminary data 
secured seem to indicate that the inoculum used in these studies was 
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coiiiparatiYely uniform pathogenically. In figure 2 are shown two 
spikes of whkit, tlie one healthy and the other infected, with loose 

smut. 

EXPERIMENTAL METHODS 

Piirediiie crosses between Hope X Federation, Hope X Dicklow No. 
3, and Preston X 01-24 were made at the Central Experimental Fa;r:rn 
(North Logan) in 1928. Pollen from anthers of a single spiJn^ was 
used to pollinate the stigmas of a single spike. The progeny of a 
single Fi plant were seeded in the spring of 1929. The kernels were 
spaced about 2.5 inches apart in a row. Inoculations were made 
by the time the spikes reached the Ml bloom stage. In preparing 

the heads for inoculation, 
the center and the basal 
and terminal florets of 
each spikelet were removed ; 
if awns wn.re present, they 
were clipped off. The 
glumes of the remaining 
florets wei'G then spread 
apart witli small hand for- 
ceps, and the stigma was 
thoroughly dusted witli the 
inoculum. Seedlings were 
made from eacli Fa plaint. 
The number of F^ plants 
inpresented in F^ rows are 
showm in the various good- 
ness-of-fit tables. The F^ 
rows were sown in ran- 
domized blocks with du- 
plicate plantings of the 
Hope X Federation cross 
and three replicates of the 
Hope X Dicklow No. 3 Jind 
Preston X ()l-24 crosses. 
A number of parental rows 
were sown at randoin ov(U‘ 
the experim en t al are a. 
The gene tic , cliarac ters 
studied were resi.sta.ut to 
loose smut, awns, glume, and kernel color. Smut-infection data were 
based on plant count and not on head count. 

In studying the goodness of fit, the test, as given by Fisher (,5), 
was used. 

EXPERIMENTAL RESULTS 

PBELIMINARY EXPERIMENTS ON INOCULATION TECHNIC 

Some preliminary studies were made in 1928 in order to determine 

the proper time and method of inoculation to insure maximum 
infection. 

Methods OF Tnoculation 

. .Dhlamydospores. were suspended in water) and then placed on the 
stigmas of .some of the plants.; the,.powderedJnoeailuin .was placed on. 



Figure 2.— A, Healthy spike of wheat; smutted spike, 
(Prom Journal of Agricultural Research, 39: 316 (1929). 
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tlie stigmas of others by opening the glumes and applying the spores 
with a pair of forceps. The third method tried was that of lieaYily 
dusting the dry spores on the spikes of plants; and the fourth method 
was that of dipping the spike in a beaker of water heavily laden with 
spores of loose smut. Table 2 gives the results of this test. 

Table 2. — Percentage of infection obtained from various methods of inoculatio7i 
{given to the nearest ivhole percent) " 



Federation 

j Dicklow No. 3 

Method of inoculating 

Total 

plants 

Plants 

infected 

Total 

plants 

Plants 

infected 

Spores placed on stigma: 

Dusted on 

Number \ 
73 

Percent 

m 

50 

NumbeT 

54 

Percent 

Suspended in "water 

21 

11 


Spores placed on the spikes: 

Dusted on - 

59 

15 

72 

\ 

I 34 

Suspended in winter - - 

22 

5 

12 

! 0 

Check (no inoculation) 

17 

0 

! 15 

i 

1 0 

I 


« Data in this table show little difference in the percentage of infection in Dicklow No. 3 and in Federation. 
The percentage of infection is somewhat high for one and correspondingly low for the other as compared 
with data in table 1. This is probably due to the fact that the data here are based on single 6-foot rows 
subject to rather wide variations, whereas data in table 1 represent an average for a number of rows. 


It is evident from table 2 that the most effective methods of inocu- 
lating were those which involved the placing of the spores directly on 
the stigmas. However, there was no difference between placing the 
spores on the stigmas when dry or suspended in water. Dusting the 
spikes with the spores appeared more effective than dipping them in 
water containing spores. It will be seen from table 3 (compare with 
table 4), however, that response to dusting spikes with the inoculum 
varied with the variety and, therefore, could not be relied upon to 
give satisfactory results in genetic studies. 


Table 3. — Reaction of the wheat varieties and strains to loose smut when the inoculum 

was dusted on the spikes 


Wheat variety or 
strain 

Total 

plants 

Plants 

infected 

Infection 
in check 
plants « 

Wheat variety or 
strain 

Total 

plants 

Plants 

infected 

Infection 
in check 
plants « 


Number 

Percent 

Percent 


Number 

Percent 

Percent 

Dicklow 

72 

34.7 

0.0 

Q-250 

105 

1. 9 

2.4 

Dicklow No. 3 . - — 

53 

34.0 

6. 1 

R-18-5 

77 

10.4 

.0 


61 

41.0 

.0 

R-48-22-.. 

82 

2.4 

. C 


59 

15.2 

.0 

R-S 4-5 

106 

7.4 

.0 

Hard Federation 

60 

.0 

.0 

R-S 17 .... 

72 

4. 1 

.0 


54 

3.6 

. 0 

A-4 

70 

.0 

, .c 


58 

.0 

.0 

14-85 - 

81 

1.2 

.0 

On as 

52 

13. 0 

.0 

G-40..... 

! 60 

.0 

.0 

SAvipr A 

37 

27.0 

.0 

0-43-11.--.--- 

j 75 

; . 4.'o 

.0 

SiAvipr .59 _ j 

36 

16. 7 

.0 

Q-48.- — - 

! 62' 

6.4 

. 0 

fle.vf Ar 1 2.5 

31 ! 

6. 5 

.0 

G-149 

1 65 

3.1 

.0 

Mo 1.39-3 

59 i 

11.9 

.0 

4-287- 

' 67 

3. 0 

.0 

Mn 146 

57 

7. 0 

1.2 

5-185- - - 

i 68 

7, 3 

1.0 

Nn 49-10 

43 

4. 7 

. 0 

9-7———. 

48 

10. 5 

’ . . '. 0 

No 4 - 174-2 

68 

10.3 

1.6 

11-12---.--— -------- 

80 

'13.T 

! ■ -.0 

01-24 . . 

47 

10.6 

.0 

11-88— 

74.', 

1 . ' ■ . iri 

^ ,:.0 

Q-SO 

91 

6.6 

.18 

12-101 

65 

. 0 

•S 

Q-99f 

80 

3.7 

.0 

13-47— — ...--—. 




Q-23I, 

;6S'' 


.0 






® Checks not inoculated. 


65577 - 34 — 5 ' 
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Time of Inoculation 

Inoculations were made at three different stages of an thesis; (1) 
When the stamens were green, (2) when they were yellow, and (ll) 
when the pollen was being shed. In all cases the smnt was placed 
directly on the stigma with forceps. Data on the time of inocula tion 
are given in table 4. Student’s pairing method (5) was used to 
determine whether there were any significant difterences. It is 
obvious from the probability, as shown by P in these tables, that there 
are no significant differences; at least, if there are any, they are 
covered up by the differential reaction of the varieties. 

Table 4. — Percentage of loose-smut infection obtained on different varieties and 
strains inoculated at two differeM stages of anthesis and the prohaMlity of a differ- 
ence in the two means 


GREEN AND YELLOW STAMEISfS 


Wheat variety or strain 

Percentage of infec- 
tion when plants 
were inoculated 
while stamens 
were— 

Wheat variety or strain 

i 

' Percentage of infec- 
tion when plant;', 
were inoculated 
while stamens 
were- 

Green 

Yellow 

Green 

Yellow 

.41aalrie 

100. 0 

95. 0 

60.0 
73.7 

i 50. 0 

80.0 
63. 6 

100. 0 
66.7 
80.0 

90.5 

1 60.0 
88. 9 

60.6 

R-S 4-5 

77.8 

77.8 

70.0 
83.3 

80.0 

76. 9 
100. 0 
" 80. 0 
64. 4 
^ 70. SO 

Onoas 

R-S-17 

Sevier 125 . 

11-30 

1-4G . 

Dicklow No. 3- 

Q-24S, - 

Federation 

TT_-R-.1S_A 

Mean..- - . 

R-4S-22.-- 

75. 9 

79. 0 




STAMENS GREEN AND STAMENS SHEDDING POLLEN 



Green 

Shedding 

pollen 


Green 

Shedding 

pollen 

Marquis 

Q-227 - 

33. 3 
81.8 
87. 5 
22. 2 

33. 3 
30. S 
78. 6 
31.6 

Dicklow^ No. 3. 

Federation 

Mean... 

83. 3 
80. 0 

50. 0 
■' 80. 6 

14-61.-.-- - 

64. 7 

52. 3 

STAMENS YELLOW AND STAMENS SHEDDING I>OLLKN 

* 


Yellow 

Shedding 

pollen 


Yellow 

64.4 
70. 8 

73. 1 

Shedding 

polhm 

^ 50. 0 
f80. 6 

66. 2 

01-24 , _ 

Q-S9 - 

F-6S - 

n-12 

81.2 

90.9 
36. 4 
81,8 

76.9 

81.2 
65. 0 
52. 9 
25.0 
100. 0 

Dicklow No. 3,, 

Federation - 

11-88--..-,-, „ . 



“f=0.7L ftp=0.5, <=^-1.23. ^ P^0.2~0.3. /P=0.5-0.fl 


The data preser!.ted in table 4 at first seemed to indicate that more 
infection was obtained when the stamens were green, as was stated by 

Tapke (f5). However, when the data were analyzed statistically, no 
significant difference was noted between the three periods of inocula- 
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tion. Maddox states that the time of maximum infection is 
during the period when the pollen is being shed. Freeman and 
Johnson (J) concluded that maximum infection occurs during the 
period of lull bloom and that some degree of infection occurs until 
the ovary has reached one third its mature size. 

STUDIES ON INHERITANCE OP RESISTANCE TO LOOSE SMUT 

Difficulties in Placing Resistance on a Definite Factorial Basis 

Several difficulties are encountered in attempting to place on a 
definite factorial basis the inheritance of resistance to loose smut, as 
well as to any other disease. One of the most complicating factors 
is the effect of environment. This effect was partly reduced by 
replication. Some comparatively susceptible types occasionally 
escape the disease when grown in short rows, even though artificially 
inoculated. For example, Preston on the average smuts about 1,6 
percent, with some rows smutting as high as 9.5 percent ; however, 70 
percent of the rows, in these studies with 30 seeds sown in each row, 
entirely escaped infection. 

The possibility of the inoculum not being entirely uniforni, because 
of the possible existence of physiologic forms of loose smut, also adds 
to the difficulty of placing the inheritance of resistance on a definite 
factorial basis. In spite of these complications, an attempt has been 
made to place resistance on a Mendelian basis. 

Relation of Infection to Sheath Color 

An interesting condition developed on the sheaths and the exposed 
culms of inoculated plants. Usually the plants with smutty spikes 
developed a distinct grayish-purple color on the leaf sheaths. At 
first it appeared as if the coloration were a characteristic of the culm; 
on closer examination it was found that the coloration was generally 
confined to the sheath portion of the leaf. It was also found on the 
portion of the culms exposed to the light. This peculiar coloration 
developed on Hope and Preston during the year they were inoculated, 
whereas on Federation no color developed even though the plants 
smutted. In the F 3 generation there appeared to be a segregation 
for this condition, suggesting that it may partly be controlled by 
genetic factors. According to Heald (7, pp. 683-684), a similar 
condition was observed by McAlpine, who stated that ''when a stool 
is affected with loose smut, the stalks are generally of a purplish tint, 
so that they can be readily picked out from among the general crop.’’ 

Biometrical Studies 

RELATION OF SMUT INFECTION AND SEEDLING MORTALITY 

In the study of disease resistance where the disease organism is 
operative during the seedling stage of the host plant, it is important 
to know whether or not there is any differential relationship between 
the infection and seedling mortality among resistant and susceptible 
lines. If such a relationship existed, it would no doubt materially 
complicate a genetic interpretation of inheritance. In order to 
determine whether this condition did exist, a known number of kernels 
were seeded in each F 3 row. This made it possible to calculate the 
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percentage of seedling plants reaching maturity, or the percentage 
stand. ,It appeared e^rident that if the disease were causing the death 
of anv appreciable number of suseeptible seedlings, there should be a 
relationship in the percentage of smut obtained in the F,, rows and 
the percentage stand. Simple correlation coeilicients were used to 
measure whether or not a relationship existed; since. .Fa rows were 
replicated, an average of the replication was taken for bolh tlu' 
percentage of smut and tlie percentage ol stand; this a.ycrage replica- 
tion was used in calcvdating the correlations. Correlation cocllicietds 
thus obtained, between the percentage of smut and tlie percentage of 
stand for the susceptible parental strain and for the .Fs-progeny rows, 
are shown in the following tabulation: 

Material: , 

.Federation - - - 09 (,). I. (:)7 

.Dick low ,No. 3- — ' 19:i . 1, ,lo 

0 i .,24 „ - - - - - 1 6 ;:1:: . 096 

Hope X Federation (F.i rows)„,. — . 02::!:: . 047 

Hope X Dicklow No. 3 (Fg rows)... . 02:;:b , 039 

Preston X ()l-'24. (Fs rows).... — — - . 01 . 039 

There seems to be no evidence from tliese data tlnit siniit lias any 
difTerential influence on. the percentage stand in the F3 rows of resist- 
ant and susceptible lines. This is further shown in corisidering the 
average percentage stand obtained, in. the F3 parental rows, since liere 
it is possible to compare the inoculated resistant and siisceptible 
strains. The average percentage stand was: Hope, 65.1; .Preston, 
54.6 ; 01-24,56.2 ; Dicklow No. 3, 68.5; and Federation, 75.2. 

Thus it appears safe to conclude that under the conditions of the 
experiment, the smut organism had no greater effect on the seedling 
mortality, on an average, in susceptible than in resistant lines. 

DETERMINING THE CLASS INTERVAL 

Because of the unknown experimental errors in percentage of irifecv 
tion occurring from single-row plantings, it seemed advisable to ma.k(> 
replicate seedings and to determine the size of the errors in the various 
crosses, and use these results in interpreting tlie data. The experi- 
ments were planned with a view to using Fisher’s [S) ana!ysis-of- 
variance method, and the replkaites were ran ac(M>r'dingly. 

In two of the crosses there was enougli seed for thr(U‘. r(‘t>li(‘-a lion's, 
wliile in the other cross duplicate seedings only were possihh'. A iia lysis- 
of-variance data for the three crosses are given in ta ble 5 . 

Fisher’s {S) test was made to determine whether or not there was 
any treatment effect; the value of Z thus calculated is shown at the 
bottom of the last column of table 5. Since Fisher ’s (3) tables do not 
give the value for ??,i and na as occiirring in the analysis-of-variance 
tables, it was necessary to calculate tliis value from the formula given 
by him. This value is shown at the bottom of the table, Tlie Z 
quantity, calculated by comparing the variance due to treatment with 
that due to error, as shown in table 5, is larger in all cases than Z for 
the T-percent point. This shows that there is undoubtedly a treat- 
ment effect, which naturally was to be expected from the nature of the 
material, since the mean percentage of smut occurring in the replicated 
F3 row^s ranged from no smut to a rather high percentage. 



Inheritance of Resistance to Loose Smut in Wheat 639 


^Aph 1, 1934 

Table 5. — Analysis of variance for three wheat crosses 
HOPE X FEDERATION CROSS 


Variance due to — 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 

Half log 

Replication 

1 

0. 03 



Treatment--.. - - 

206 

95. 176. 77 

462. 02 

3. 0678 

Error-- 

206 

11,459.99 

55. 63 

2. 0090 

Total ... 

413 

106, 636. 79 


X= 1. 0584 





721=20(1 722 = 206 X~l-pereent point =0.1 625 

PRESTON X 01-24 CROSS 


Replication 

2 

306 

614 

571. 09 

39.743.41 i 

44.335.41 



Treatment.. 

129.88 

72.44 

2. 4335 
2, 1414 

Error. 

Total - 

922 

116,636.79 

' 

X=. 2937 




i 


721 = 306 772=614 Z- 1-percent point =0.1148 

HOPE X DICKLOW 


Replication 

2 

306 

614 

149. 91 
78, 482. 39 
37, 498. 94 



Treatment ■. - 

256. 48 
61. 27 

2. 7736 
2. 0579 

Error 

Total 

922 

116,131.24 


if=.7157 




721=306 722=614 X— 1-percent point =0.1 146 


It is evident from table 5 that the variance of a single determination 
is 55.63 for the Hope X Federation cross, 72.44 for the Preston X 
01-24 cross, and 61.27 for the Hope X Dicldow No. 3 cross. These 
values were used in each case to set up a difference necessary between 
two mean percentages of infection for a probability of 0.05. Since 
the error was based on a rather large number, a significant difference 
would amount to about twice the standard error of the difference. 
This quantity amounted to about 13 percent in the Hope X Dicklow 
No. 3 cross, 14 percent in the Preston X 01-24 cross, and 15 percent 
in the Hope X Federation cross. Then, in classifying the F3 row^s, 
the value necessary for a significant difference was taken as the class 
interval; on this basis a frequency table was constructed. The pro- 
portion of F3 rows falling into each of the classes and the reaction of 
the parental types formed the basis for arriving at the factorial 
explanation for the inheritance of resistance to loose smut herein 
suggested. 


Genetic Studies of Resistance to Loose Smut 

The reaction of the parental material to loose smut {Ustilago 
tritici)y m shown in table 6, seemed to indicate that possibly more than 
one factor was involved in the inheritance of resistance. This was 
also suggested by the breeding behavior of the F3 progeny of the 
various crosses. On the basis of these two conditions, it was assumed 
that at least three factors were involved in the inheritance of resistance 
to loose smut. This factorial relationship of the parental material is 
shown in table 6. .. , 
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Since Hope has never smutted even though thousands of inoculated 
plants have been grown, it was considered to be completely immune 
to the inoculum used ; therefore, it possessed all three factors in the 
dominant condition, though dominance is evidently incomplete and 
the factors have a cumulative effect. Likewise, each of the three 

factors are thought to 
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SMUT INFECTION (PERCENT) 


have a different effect^ 
an individual witli, the 
B 2 R 2 f e 1 0 r slio wing 
somewhat more resist- 
ance than one witli tlie 
R 3 B 3 factor and one 
with the jRiRi factor 
being about as resist- 
ant as one possessing 
the other two factors. 
This does not mean 
tliat these fa,ctors have 
definite n n m e r i c a, 1 
values with specific ex- 
pression, regardless of 
the genotype, as factor 
interaction is not an un- 
common phenomenon , 
On an average, 
Pi^eston has smutted 
about 1.6 percent, al- 
though when it is 
grown in rows of ap- 
proximately 30 seeds 
to the row, similar to 
the F;rprogeny rows, 
about 70 percent of tlie 
row^s show no smut at 
all ; otliei* rows sliow as 
much, as 9.5 percent 
smut. Coiis 0 q;iiently, 
it w^as assumed tliat 
Preston lacked one of 
the factors common to 
Plope and that the ab- 
sence of this factor 
allows some smut to 


l iGURE 3.— Frequency distribution of parental varieties and Fa proge- d e V 6 1 0 13 . P 1* 6 S t O 11 
nym various wheat crosses as related to loose-smut infection, n, i i ji r i i 
Federation and Fa progeny of Hope X Federation; B, Dicklow No! WOUldthen bCClaSSed aS 
3 pd Fa progeny of Diekiow No. 3 X Hope; C, Preston, 01-24 (Utah Pi'crniv rAQiQf nn f Knh n a+ 
selection) and Fa progeny of Preston X 01-24 (Utah selection). pigi-Uy x t/brSLailL UUO IlOb 

. immune, as was Hope. 

Under similar conditions, 01-24 smuts about 20 percent. There- 
fore, it was assumed that it possesses two factors in common with 
Hope but that it differs from Preston in two factors. 

Dicklow No. 3 apparently was more susceptible than 01-24 and, 
therefore, was assigned only the one factor, R^Ry, lacking Sifii and 



Apr. 1, 1934 


Inheritance of Resistance to Loose Smut in Wheat ■ 641 


i 22 -K 2 j it is comparative!}^ susceptible and sniuts on an average nearly 
40 percent. 


Table 6. — Genetic composition assigned each of the parental types, on the basis of 
reaction to loose smut, the range, and the average percentage of infection occurring 
in rows of SO kernels each 


Parent 

Genotype 

Bows 

Infection 

Bange 

Average 

Hope C.I. 8178 

RiRi it2jR2 RiR'i . - - 

Number 

50 

26 

47 

34 

16 

Percent 
0-0 
0-9.5 
(3-50. 0 
18. 2-61. 9 ; 
60. 9-91. 3 

Percent 

0 

1. 6±0. 39 
IS. 5±L 21 
38. 5±L27 
• 73.5±L57 

Preston C.I. 3081 

RlRl TzTi - 

01-24 C.I. 11542 

fifi - 

Dicklow No. 3 i 

riTl 72X2 R^Rz - - 

Federation _ 

Vai T 2 T 2 T'iT’i _ . . 

1 



Federation is assumed to possess none of the factors for resistance, 
since it ordinarily smuts 70 percent or more. 

In table 7 is shown the distribution of the parents and the F3 of the 
various crosses in 5-percent classes for loose-sniut infection, and 
figure 3 is a graphical presentation of the same data. 

HOPE X FEDERATION CROSS 

It is evident from the factorial relationship assigned each parental 
type that the Hope X Federation cross should give rise to 27 F2 
genotypes. The reaction of the known genotypes, the parents, to the 
smut inoculum is shown in table 6. On the basis of these known 
types, the behavior of the remaining genotypes was formulated. 


Table 7. — Distribution of parents and F 3 rows of the crosses named in 5 ■‘percent 
classes for loose-smut infection 


Parent or cross 

Rows 

smut- 

free 

Rows having percentages of loose-smut infection falling within 
the indicated 5-pereent classes (average of three replications for 
F 3 ; single rows for parents) 

.. - ... 

Tota 

rows 


3« 

8 

13 

IS 

23 

28 

33 

38 

43 

48 

53 

58 

63 

68 

73 

78 

83 

&8 

93 

Hope C.I. 8178 .number, „ 
Federation. - .number 

16 




















16 

0 

43 













3 

3 

4 

3 

1 

1 

1 

16 

91b-Hope _ (C.t 8178) X 

33 

38 

20 

22 

12 

13 

3 

4 


3 

4 

3 

1 

1 




207 

Hope C.I. 8178..number-. 
.Dicklow No. 3 (Utah se- 
IfiptioTii miinher 

34 






-- 




34 

0 




1 

1 

3 

12 

3 


2 

0 

3 

9 







34 

87b-Hope C.I. 8178 X 
Dicklow No. 3 (Utah 

.'.p.lpiptinnl piimhflr 

82 

71 

65 

36 

17 

17 

8 

3 

4 

1 

0 

2 









307 

Preston C.I. 30SLnumber.. 
01-24 (Utah selection) 
number 

20 

2 

4 













26 


5 

11 

6 

5 

8 

0 

1 

2 

1 

1 










■■ ■ 47 

93b-Preston X 01-24 
(Utah selection) 
number 

65 

71 

81 

46 

27 

9 


1 











306 

















“ Taken to the nearest whole number. 


The basic phenotypic ratio ordinarily obtained in Fo in a cross, 
when three independent factors expressing different characters are 
involved, is 27 : 9 : 9 : 9 : 3 : 3 : 3 : 1. This ratio, however, may be 
modified by factor interaction. In the case under consideration the 
factors were assumed to be of unequal value and were all involved in 
the expression of a single character. It has been shown that strains 
even though somewhat susceptible, escape infection when sown in 
short rows and, therefore, would be placed in the nonsmutting group. 
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This would tend to make this group too large. ^To obviate this diffi- 
culty, those pro 2 :eiiies showing no infection were included in the lo\yest 
frequency group. This class interval permitted a_ certain percentage 
of infection, which in tliis cross included those witli no infection up 
to i4.9 percent. The method of arriving at the chxss interval has 
previously been discussed. The reason for using ttie experiiiieiitaf 
error in arriving at the class interval is that Fg strains xnay actually 
be susceptible up to as much as 15 percent, and yet a certain propor- 
tion may escape infection when grown in short rows even though 
replicated. This would also be true if the interval were extended, 
but not with the same probability. The phenotypes, the theoretical 
parental tj^pes, and the basis of classification of the Fg rows in the 
Hope X Federation cross are shown in table 8. 

Table 8.— Possible Fo genotypes; the theoretical parental type; the percentage of 
infection, and the basis of classification of the Fg; also the phenotypic ratio in the 
Hope X Federation cross 


Genotype 


ElRi i?3i?2 

/?3r3. - 
iSara E'iRi. .. 
EiTi E 2 R 2 EsR'i. ~ 
EiRi EiT‘i Enrs — 

EiTi E'iE^ Esr^i 

■ EiTi i?2f2 EiR'i — 
RlTl E 2 T 2 


Total- 


RiRi EiR2 Tta'i- 
EiEi R2T2 rara— 
RlTi R 2 R 2 T'iTi..- 
Rify E2T2 rsrs- 


Total- 


RiRi f2r2 R'iRz- 
^ RiRi T2r2 R%tz-.. 
Rin nn RsRs-.- 
Rifi T 2 T 2 Rztz 


Total. 


rifi R2R2 R‘iR:i.^ 
Tin R‘2R2 RsTz^.^ 

'TyTi i?2r2 
TiTi R2r2 JKsra--. 


Total.. 

EiRi r2T2 rjra- 
EiTi T2n rsrs— 


Total. 


nr I E2R2 rars.. 
TiTi E2r2 rsrs... 


Total. 


Tiri T2r2 RzR-i-^ 
nri T2r2 RsPi-.-.- 


TotaL... 
rji nri. nn.... 


Nuiri' 
ber of 
each 



Actual 

F,! da.ssifu'atioi) 

Theoretical parental type 

parental 

average 

infection 

Class in- 
terval 

Aver- 
age in- 
fection " 

Piicno- 

typic 

ratio 

' 

VHope. - 

Percent 

0 

Percent 

Percent 



0-14. 9 

6. 9 


1 Preston 

1.6 

> 45 

jlntermediate i Preston and 01-24)'' . 




|oi-24 ... .. . 

18. 5 

15-29.9 

19.9 



> 12 

[Equal to 01-24 

18.5 




J 




lintermediate (01-24 and Dieklow 
/ No. S).** 

} --- 

30-44. 9 

34. 9 

3 

(■Dieklow No. 3... ... 

38.5 

45-59.9 

60-74. 9 

; 46.' 5 ,' 

62. 3 

O'' 

) 

Federation ... 

73. 5 

a 

1 


pine average 01 Uie Class and not the mid point. 

e Tha p Prestoii blit inore resistant than 01-24; somewhere between 1,0 and JB.5 percent. 

^ b^e<ltiivaleiit in effect to the R 2 E 2 and factors. 

Not a.s resistant as 01--24 but more resistant than Dicklow No. 3# somewhere between 18.5 and 38.5 percent 
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On this basisj H,.ope, Preston, and the Intermediate (Preston and 
01-24) genotypes all fell in the same class. It is evident from table 8 
that forty-five sixty -fourths of the F 3 progeny rows would theoreti- 
cally fall in the first phenotypic group, in whicli infection would range 
from 0 to 14.9 percent. In the second group infection ranged from 
15 to 29.9 percent; this group included the genotypes corresponding 
to the 01-24 parental type. Inasmuch as the RiEi factor carried by 
Hope is assumed to be equal in effect to the other two factors, twelve 
sixty-fourths of the progeny rows would be expected in the second- 
class interval. In the third group infection ranged from 30 to 44.9 
percent. This group was composed of the genotypes which w^ere 
neither 01-24 nor Dicldow No. 3 types but which fell somewhere 
between them; three sixty-fourths of the progeny rows should be of 
this type. The genotypes corresponding to the Dicklow No. 3 paren- 
tal type constituted the fourth group, in which infection ranged from 
45 to 59.9 percent; three sixty-fourths of the progeny rows would 
also be expected to be in tliis class. Infection in the last or upper 
group ranged from 60 to 74.9 percent; this group included the geno- 
type characteristic of Federation and included only one sixty-fourth 
of the progeny rows. This completes the phenotypic ratio of 45 : 12 : 
3:3:1. Table 9 shows the goodness of fit obtained when the ob- 
served data were fitted to this ratio. The probability is between 0.2 
and 0.3 and is considered satisfactory. 

Table 9. — Goodness 7>f fit obtained from the breeding behavior in in regard to 
loose-smut resistance in the Hope X Federation cross^ based on a 45 : : S ; 3 : 1 

ratio 


Smut (percent) 

Number of progeny 

Observed 

Calculated 


132 

143.0 

15to 29 9 .. 

43 

39.4 

30 to 44.9 

14 

9. 6 

45 to 59 9 - - - 

13 

9.6 

60 to 74.9 , 

5 

3.2 





X 2=5.4085. 

P=0.2-"~0.3. 

HOPE X DICKLOW NO, 3 


It will be observed that Hope and Dicklow No. 3 differ from each 
other in two factors and that there will be no genotypes which do not 
carry the B 3 B 2 factor for resistance. The possible F 2 genotypes, 
the theoretical parental types, the basis of classification of the F 3 
rows, and the phenotypic ratio of Hope X Dicklow No. 3 cross are 
shown in table 10 . 
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T\-B-LE.m~--Possible F. genotypes, the theoretical parental type, percenUtge injec- 
tion, and the basis of classification of jPs, also the phenotypic ratio m Uw Hope 
Dickloii' No. 3 cross 


Genotype 

Num- 
ber of 
each 

Theoretical parental type 

Actual 

parental 

average 

infection 

' F.i cl 

Class in- 
terval 

assilicali 

Aver- 
age in- 
fection “ 

on 

IdieiiO" 
tj, pie 
ratio 

EiRi R‘^Rn- 

1 

1 

Percent 

Percent 

Percent 


RiRi R‘iT2 

2 

XHope.— — 

0 

0-12. 9 

6.8 


RiTi R^R'i R'iR'i 






Rxn R^n R‘iRi : 

4 

1 ' 





Total 

9 






/■2r2 RzR^-- 

1 

^jlntermediate (Preston and 01-24) 





RiTi nr^ R'iRs- 

2 





Total- 

3 






T in R 2 R 2 RiiR'z - -- 

1 

jai_5?4 

18. 5 

13-26.9 

17. 1 

3 

Tin Rrri RiRz~ — 

2 






Total 

^ 3 






T\fi R'iRi 

1 

Dicklow No. 3 

38. 5 

20-55. 0 

37. 1 

1 









« The average of the class and not the mid point. 

* Not as resistant as Preston but more resistant than 01-24; somewhere between' 1.0 and Ih.a perfiml . 


The amount necessary to give a significant difference between tw^o 
mean percentage infections, calculated as previously stated (with a 
probability of 0,05) was approximately 13 percent. Consequently, 
this was the amount used as the class interval in separating the pheno- 
typic groups and in determining the phenotypic ratio. As in the 
Hope X Federation cross, no attempt was made to differentiate 
between the genotypes resembling the Hope parent and those whicli 
carried the RiRi and RzR^ factors, making them intermediate (Preston 
and 01-24) types, because they w^ere all included in the sariu^ tda,ss 
interval. The range of smut infection allowed in the first pheiiot.ypic 
group was from 0 to 12.9 percent. The class interval in tliis cross 
is slightly less than that allowed for the corresponding guvnotypi^s of 
the Hope X Federation cross. This reduction in cbiss iniiu'val was 
due to the slight difference in the variance obtained in this <‘ross and 
also to the fact that there were triplicate plantings which woidd re()uce 
the standard error of a difference accordingly, inasmuch as tlu^. 
class interval is reduced 2 percent in this cinss, tlic rang(‘, of smut 
allowed by the various genotypes is correspondingly reduced. Jjifec- 
tion in the second phenotypic group ranged from 13 to 25.9 p(M’(umt 
and included . the genotjpcs typified by the 01“24 parent. The upper 
class included all strains with 26 percent infection or more. There 
were only 20 of the 307 progeny rows that smutted above that amount. 
This was almost the exact number expected to conform to the Dicklow 
No. 3 genotype. Infection in the progeny included in this group ranged 
from 27.1 to 55 percent and averaged 37.05. This is about what would 
be expected of plants having a genetic make-up equivalent to Dicklow 
No. 3. F or this reason all strains with 26-percent infection or over were 
considered as one class. This classification gave a phenotypic ratio 
1 * Table 11 shows the goodness of fit obtained ‘ when the 
observed data were .compared with the -above, ratio. ;,It is evident 
from table, 11 that the goodness of fit was again satisfactory. 
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Table 11,— Goodness of fit obtained from the breeding behavior in Fz in regard to 
loose-smut resistance in the Hope X Dickloiv No. 3 cross, based on a 12:3:1 ratio 


Smut (percent) 

Number of progeny 

Observed 

Calculated 

to 12.9 

236 

230. 2 

13 to 25.9 A 

50 

20 

57. 6 

Above 26. „ 

19.2 




X 2 = 1.2169. 
P= 0,5-0. 7. 


In the Preston X 01-24 cross all the factors common to Hope are 
involved. However, the E 2 R 2 factor is present in both parents; as a 
result, tills factor appears in a homozygous dominant condition in 
all the genotypes obtained from the cross. Data relative to this cross 
are shown in table 12. 


Table 12 . — Possible F 2 genotypes, the theoretical parental type, the percentage of 
infection, and the basis of classification of the Fz, as well as the phenotypic ratio 
in the Preston X 01-24 cross 


Genotype 


RiRi R2R2 RiR'i- 
RiRi R2R2 iSar 3 
Rat R2R2 R3R3,.. 
Rifi R2R2 Rzn. . 

Total 

R\R\ R 2 R 2 
Riri J? 2 i ?2 Wa, - 

Total 

r\ri R2R2 R'iR’i 

/'in R 2 R 2 Rm~-~ 

Total 

nr I R 2 R 2 T'iTz 


Num- 
ber of 
each 


Actual 

F 3 classification 

Theoretical parental type 

parental 

average 

infection 

Class in- 
terval 

Aver- 
age in- 
fection a 

Pheno- 

typic 

ratio 

1 

2 

2 

4 

jllope 

Percent 

0 

Percent 
0-13. 9 

Percent 

5.8 

1 12 

9 

1 

jPreston 

1.6 



3 





1 

2 

Joi-34 - 

IS. 5 

14-27. 9 

16.9 

3 

3 

! ' 1 





1 

Intermediate (01-24 and Dick- 
low No. 3.) 


28-41. 9 

32.0 

t 

1 


" Average of the class and not the mid point. 

b Not as resistant as 01-24 but more resistant than Dicklow No. 3; somewhere between 18.5 and 38.5 
percent. 


PRESTON X 01-24 

In conformity with the two previously discussed crosses, no dis- 
tinction was drawn between the genotypes resembling the Hope 
parent and those resembling the Preston parent, because the range of 
smut allowed by each came within the range of the class intervah 
Thus, twelve sixty-fourths of the progeny rows were included in the 
first phenotypic group. The second group, ranging in infection from 
14 to 27.9 percent, was made up of the genotypes resembling the 
01-24 parent. Only 10 of the 307 F3 rows smutted above 28 percent. 
These ranged in infection from 28 to 39 percent, with an average of 
32, which is about as expected since the genotype of this phenotypic 
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class carries the R 2 E 2 factor, which should make it an iiiteriiiediate 
(01™24 and Dicldow No. 3) type. From this classification a 12:3: 1 
ratio was expected; the goodness of fit obtained when, the observed 
was compared with this ratio is shown in table 13. 


Table 13. — -Goodmss of fit obtained from the breeding behavior in in regard to 
loose-srnut resistance in the Preston X 01-24 cross based on a 12 ‘ S : 1 ratio 



NuiuIkm’ ( 

)f {inte.iMiy 

Smut (percent) 




Otnserved 

Odlcij luted 

Oto 13.9.^- 

237 

230. 2 

14 to 27,9 

6(1 

57, 6 

Above 2S - 

10 

19. 2 





x^=4.7og2. 
'P=0, 05-0.1. 


It is evident from table 13 that while the fit is not exceptionally 
good, nevertheless it is within the lower limits of probability usually 
set (0.05). 

FACTORI-^L RELATIONSHIP OP THE VARIOUS CROSSES 

The fact that the same factors for resistance were assumed to be 
involved in all three crosses suggests that the progeny of similar 
genetic constitution obtained from the various crosses ought to give 
a similar reaction to the inoculum. This relationship is also shown 
in tables 8, 10, and 12. Infection in the phenotypic class of 45 in 
the Hope X Federation cross (table 8) ranged from 0 to 14.9 percent, 
with an average of 6.9; the corresponding class of 12 in the Hope X 
Dicklow No. 3 cross (table 10) ranged in infection from 0 to 12.9 and 
averaged 6.7; and the class of 12 in the Preston X 01-24 cross (table 
12) ranged in infection from 0 to 13.9, with an average of 5.8. There 
is a rather close agreement in the mean percentages of infeclioii in 
the three crosses for the lower class. The Preston X 01 24 cross 
should show a lower mean infection in the lower class becausi^ (here, 
were no intermediate (Preston and 01-24) types present, d'hese 
types appearing in the other two crosses should be more susceptibli' 
than the Preston type. It will be noted (table 8, 10, and 12) that 
the average percentage of infection for the lower phenotypic group 
m all three crosses is slightly higher than for the Preston parent, whicli 
is most typical of the genotypes included in tliis class. This is to 
be e.xpected in the Hope X Federation and the Hope X Dicklow No. 
3, crosses, however, because the class interval is extended beyond that 
ior Preston, and, therefore, includes intermediate (Preston and 01- 24) 
types, wmch would be more susceptible than Preston; this would 
accost for the higher average. The average of the lower class in 
tne Freston X 01-24 cross is higher than expected. However, this 
does not appear especially serious as the same exactness in a study of 
(hsease resist^ce cannot be expected as in a study of morphological 
characters 1 his discrepancy may be due to any one or to a com- 
bmation of the four following conditions: 

(1) ^le heterozygous condition of some of the genotypes, whicli 
may allow for more infection than the homozygous, since dominance 
IS not complete. ' ' 
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(2) The effect of modifying factors. 

(3) The differential infection in parent and in F3 progeny due to 
slight differences in the stage of inoculation. Although instructions 
were given to inoculate both parent and progeny before or soon after 
the anthers had shed their pollen (inoculations at later stages appears 
to reduce materially the amount of infection), it might have been pos- 
sible that a number of Preston spikes were inoculated soinewliat later, 
when the kernels were partly formed. This would lower the average 
percentage of infection of Preston. In this connection it might be 
well to mention that in 1933 Preston show^ed 9.5 percent of infection 
when inoculated with the same smut. It is not known whether this 
was due to differences in stages of inoculation or to soil and climatic 
dift’erences. 

(4) It is possible that one of the parents, especially Preston, was a 
mixed population. Therefore, the pure line of Preston used in this 
cross may have been slightly more susceptible than the average for 
the variety. This would necessitate a slight change in the genetic 
constitution of Preston from RiRiRiRfit^ to one of a type RiRir 2 r 2 
R^Rz since the R^Rz factor allows more infection than the R 2 R 2 factor. 
One would noW' expect the theoretical average of the first class to be 
considerably above 1.6 percent. 

In view of these various possibilities, it appears desirable to leave 
the genetic composition of the vaideties as shown in table 6. 

The average percentage of infection for genotypes similar to 01-24 
and Dicklow No. 3, in all crosses was within a few percent of these 
parental types (tables 8, 10, and 12). In the Hope X Federation 
cross (table 8) the 45 progeny observed in the upper class had an 
average of infection lower than that of the Federation parent, 
although they w^ere within the range of the Federation; wnth the few 
progeny rows the differences may be due purely to error in sampling. 
In the Hope X Dicklow No. 3 cross no types were recovered with any 
higher range of infection than that of the Dicklow No. 3 parent. 
The 20 rows falling in this class had an average infection of 37.1 as 
compared wuth 38.5 for Dicklow No. 3. The Preston X 01-24 cross 
gave no genotypes which did not carry the R 2 R 2 factor; hence, the 
highest infection expected wms somewhere between the range of the 
parental varieties 01-24 and Dicklow No. 3. This would be some- 
where between 18.6 and 38.5 percent. The average actually obtained 
for this class was 32 percent (table 12). In general, it appeal’s as 
though the genotypes recovered from the various crosses correspond- 
ing to the parental types react to loose smut similarly to the parental 
types used and as though the similar genotypes recurring in the cliffer- 
eiit crosses behave in a similar manner. 

STUDIES ON THE INHERITANCE OF MORPHOLOGICAL CHARACTERS AND THEIR 
RELATION TO RESISTANCE TO LOOSE SMUT 

Inheritance of Morphological Characters 

The primary purpose in obtaining the breeding behavior of the 
awns, chaff, and kernel color was to determine whether or not there 
was any relationship betw^een any of these morphological characters 
and disease resistance. The knowledge of such a relationship, if it 
did exist, would be of great value to the plant breeder. 
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and cait-ulaied immbers falling in each class and the goodness of fit 
based on a 1 : 2:1 ratio. It is apparent from table 14 that a good fit 
was obtained in both crosses. 

TiBLE 14. — F'i breeding behador of aims in the Hope X DtcMoir A^o. S and the 
Preston X 01-34 crosses, and the goodness of fit based on a 1 : 3 : 1 radio 


Parent “ 

Class 

Observed 

Calculated 

x*’ 


[Short apical awns 

■fSeffregatins 

(Fully awned 

82 

75. 7 

0. 4890 

Hope (AABB) X Dicklow No. 3 
(aaBB). 

150 

75 

153. 3 

7f). 7 

Preston (AABB) X 01-24 (aaBB). 

(Short apical awns 

{Segregating 

1 Fully awned 

78 

158 

i 71 

76. 7 
153. 4 
76. 7 

. 5835 


« Awnedness was arbitrai*ily chosen to be represented by the dominant characters; avvnlessness might 
just as appropriately be so designated. 

Hope X Federation CB. 0 SvS.--The inheritance of awns in the 
Hope X Federation cross was quite different from that in the Hope X 
Dicldow No. 3 and Preston X 01”24 crosses just discussed. The F] 
in the Hope X Federation cross was intermediate in inheritance but 
again resembled most closely the awnless parent. The parental types, 
the Fi, and the true-breeding F 3 types of the Hope X Federation cross 
are shown in figure 5 . Besides the four homozygous types shown, 
there were fire segregating classes of progeny: ( 1 ) Those segregating 
for awn classes 1 and 2; (20 those segregating for awn classes 1 , 2 , and 3 ; 
(3) those segregating for awn classes 1, 2, 3, and 4; (4) those segregat- 
ing for awn classes 2, 3, and 4; and (5) those segregating for awn classes 
3 and 4 . There were, therefore, nine genotypic classes into which the 
F 3 progenies were classified. This breeding behavior suggested a two- 
factor difference wfith independent segregation. The relation of the 
observed to the calculated based on a two-factor difference and the 
closeness of fit to a 1 : 2 : 2 :4 : 1 : 2 : 1 : 2 : 1 ratio is shown in table 15. It 
is evident from this table that a good fit was obtained, 

Tabee 15 . — Breeding behavior of awns in the Hope X Federation cross a.rui the 
goodness of fit to a 1 : B : 2 : 4 :1 :2 : 1 : 2 : 1 ratio 


Fj breeding behavior 

Obvserved 

Calculated 

X‘' 

P' 

True breeding 4-,..- - . 

15 

13.0 



Segregating 3^4^ : 

20 

2.5 

26. 0 
26 f) 



Segregating 2, 3, 4 



Segregating 1, 2, 3, 4 , . 

,50 

52. 0 
13.0 
26. 0 
13 0 



True breeding 3 

Segregating 1, 2, 3 

16 

25 

• 3. 3077 

0. 900), 95 

True'.breedmg 2 

14 



Segregating 1, 2. . , 

26 

16 

26.’ 0 
1.3. 0 



True breeding 1 i... 







KERNEL COLOR 


Kemei-color inheritance was involved in all three ‘crosses. The Fx 
plants all had red grain and segregation took place in Fj- 
Hope X Federation AND Hope x Dicklow No. 3 Grosses.— The 
proportion of 'white to red kernels in the F 2 in the Hope X Federation 
^ Dicklow No. 3 suggested a_ three-factor difference, with 
each factor either alone or in combination expressing the character. 
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In tlie^ Hope X Dickiow No. 3 cross 5 plants out of 307 Lad white 
grain; it was assumed to be similar to the Hope X Federation cross^ 
which had 4 white-kerneled plants out of 206 Therefore, the 

Hope X Dickiow No. 3 cross was not studied for grain color in the F3. 

Studies made on the inheritance of kernel color in Fg in the Hope X 
Federation cross behaved as would be expected from a study of the 
F2 data. With a three-factor difference, the Fs should theoretically 
segregate into 5 classes, giving a 37 : 12 : 8 : 6 : 1 ratio. The five 
classes into which the Fg's were classified, based on kernel color, are 
shown in table 16. In this table is also shown the observed number 
in each class which w^ere fitted to a 37 : 12 : 8 : 6 : 1 ratio with a 
good fit resulting, as showm by the test. 

Table 16. — Breeding behavior {or grain color in the Hope X Federation cross a7id 
the goodness of fit based on a S7 : 12 : 8 : 6 : 1 ratio 


Class 

Number of progeny 

X2 

P 

Observed 

Calculated 

True-breeding red 

122 

36 

23 

21 

4 

118. 4 
38.4 
25.6 
19.2 
3.2 

1 

1 0. 7941 

0. 9-0. 95 

Segregating 15:1 - - 

Segregating 63:1 - 

Segregating 3:1 

True-breeding white 

p, 


Preston X 01-24 Cross. — Kernel-color studies in the F2 generation 
in the Preston X 01-24 cross suggested a single-factor difference. 
The segregation in F3 substantiated the results of the findings in the 
previous generation. Three classes were observed in F3. The pro- 
portion of the F3 rows falling in each of these classes is shown in 
table 17. The test shows a good fit to the expected 1:2:1 ratio. 

Table 17 . — Breeding behavior for grain color in the Prestmi X 01-24 aross and the 
goodness of fit based 071 a 1 : 2 :.l ratio 


Class 

Number of progeny 



Observed 

Calculated 

X® 


True-breeding white 

82 

76.7 

] 


Segregating 

149 

163. 4 

1 0.5039 

0.7-0. 8 

True-breeding red .. 

76 

76.7 





GLUME COLOR 

Hope X Federation and Preston X 01-24.^ — The F2 data on the 
two crosses, Hope X Federation and Preston X 01-24, indicated that 
in each case there was a single-factor difference for chaff color. In 
the Hope X Dickiow No. 3 cross both parents had white chaff, and 
thus no segregation occurred. Table 18 shows the F3 breeding 
behavior of the two crosses for chaff color and the goodness of fit 
based on a 1 : 2 : 1 ratio. The test shows a good fit in both crosses. 

. 65577— 34—6, '■ , " 
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TiBLE IS.— hehaviorfor glume color in the Hope X Federation and Preston 

X 01-2 A croB8es and the goodness of fit based on a 1 : 2 : 1 ratio 


Parent 


.Hope X Federation.... 
Preston X0,l-24, - 


[True-breeding white. 

- Segregating 

[True-breeding bronze 
[True-breeding white - 

{Segregating 

[True-breeding bronze 


Number of progeny 


p 

Observed 

Calculated 

SC} 

51. 7 



99 

103. 4 

0. 7032 

0. 7-0. S 

52 

51.7 



_ 

76 

76.7 



149 

153.4 

"'"Moss' 

. 7-0. S 

82 

76.7 





Relation of Morphological Characters and Resistance to Loose Smut 

In order to determine whether a relationship exists between 
iiiorpholo^ical characters and resistance to loose snant, a series^ of 
contingency tables was prepared showdng a comparison of the reaction 
to smut infection and morphological characters. A measure of the 
relationship between the distribution of the two characters being 
compared may be obtained by calculating arid determining the 
value of P from Fisher’s (S) tables. Table 19 shows the distributions 
and the probability obtained in each case. Table 20 gives a sum- 
mary of all comparisons. In interpreting I’esults it is sale to assume 
that if the value of P for any given distribution is higher than 0.05, 
there is no evidence of significant correlation between the characters 
being considered. 


Table 19 . — Contingency table for grain color, chaff color, and awns and smut 
classes as occurring in the F:^ progeny of various crosses 


GRAIN COLOR AND SMUT CLASSES IN PRESTON X 0L24 ('ROSS 


LSmut (percent) 

Number of progeny 


P 

White 

Segregat- 

ing 

Red 

Total 

Oto 13.9 

59 

114 

64 

237 



14 to 27.9 

15 

29 

16 

60 



28 to .41. 

2 

6 

2 

10 

(). 5489 

{), 2 0. 3 

Total 

76 

149 i 

82 

307 




GRAIN COLOR AND SAIUT CLASSES IN THE HOPE X FEDERATION (UiOSS 


Oto 14.9- ..... 

1 

51 

82 

134 


.15to29.9, .... 

2 

15 

; 24 

41 


30 to 44.9- ... 

1 


6 

14 


45 to 59,9... 

0 

5 

8 

13 

6. 4055 

60 to 74,9 ..... ■ 

0 

2 

3 

5 






■ 


..... 

4 

80 

123 

207 



CHAFF COLOR AND SMUT CLASSES IN THE PRESTON X 0L24 CROSS 


i 

Smut {perceut) 

Number of progeny 


P 

White 

Segregat- 

ing 

Bronze 

Total 

Oto 13.9.:..,..--.,.. ' 

61 : 

116 

60 




14 to 27.9. , 

13 

27 

20 

60 

2.’ .1727* 

0. 7-0, "s 

28'to.'41.9 .,/■ ■ 

2 ' 

6 

2 

10 







....... 

.... ... 

Total ' 

76 

149 

^ 82. ,! 

307 
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Table 19. — Contingency table for grain color, chaff color, and mens and smut 
ckisses as occurring in the -progeny of various crosses — Continued 


CHAFF COLOR AND SMUT CLASSES IN THE HOPE X FEDERATION CROSS 



Smut (percent) 

Number of progeny 


p 

No. 1 

Segregat- 

ing 

No. 4 

Total 

0 to 13.9 

62 

14 

2 

123 

29 

6 

1 

237 

60 

10 



14 to 27.9 



28 to 41. 9 



Total- -! 

1 



78 

158 i 

i 

71 

307 

1.4196 

! 

0, S-0. 9 


AWNS AND SMUT CLASSES IN THE HOPE X DICKLOW NO. 3 CROSS 


0(0 12.9 - . - -- ! 

64 

13 

•6 

113 

26 

11 

59 

h ' 

236 

50 

21 



13 to 25.9 - - 



26 to 55.0- 



Total 1 



82 

150 

75 

307 

0.4186 

! 

0. 95-0. 9g 

i 



AWNS AND SMUT CLASSES IN THE HOPE X FEDERATION CROSS 



Since the lowest P value in table 20 is between 0.2 and 0,3, there 
seems to be no indication of relationship between resistance or sus- 
ceptibility and any of the morphological characters studied. This 
is interesting in view of the fact that Fromme (5, 6') has reported 
that awned varieties were more susceptible to loose smut than were 
awnless varieties. The question arises, was there any relationship 
between these two characters from the standpoint of inheritance, 
or did it just happen that those awned varieties with which Fromme 
was dealing smutted more than the awnless? The studies herein 
reported indicate that there is no relationship between awns and 
susceptibility or resistance ; in fact, the awned varieties used in these 

studies w^ere resistant 
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Table 20r~Sunim.ary of the amd P values as given in taUe, 19 


Cross 

Cliaracters tested for relationship 




p 

Hope X Federation 

Grain color and smut reaction. 

do ^ - 

6. 4055 
. 54 HS) 
2. 1727 
10. 8819 

1. 1196 
. 44S6 
6. 985 1 

0. 5 -0. 7 
. 2 - . 

. 7 - . 8 
. 2 - . 3 
. S . 9 
.95- .98 
. S - . 9 

Preston X OJ-24. 

Hope X Federation ^ 

Preston X 01-24 - 

Hope X Oiekiow N’o. 2 _ . .. 

j-inpfj 'v' FpifjerHli***?! 

Chaff color and siniit reaction 

do - - 

! A\rns and smut reaction. . 

' dn._. 

do. -j 




SUMMARY 

Genetic studies on the inheritance of loose-smut resistance, awns, 
grain color, and chaff color are reported for the Hope X Federation, 
Hope X Dicklow No. 3, and Preston X 01-24 crosses, ^ 

The relative effects of the time and method of inoculation as 
related to infection are also reported. Maximum, infection was ob- 
tained only when the smut spores were placed directly on the stigmas. 
There appeared to be little or no difference in the amount of infection 
occurring when the plants were inoculated at the time the stamens 
were rather green and immature and when they were inoculated 
when the plants were in bloom. In the inheritance studies on loose 
smut, triplicate randomized plantings were made in two of the crosses 
and duplicate seedings in the other. This permitted a statistical 
study of the size of the experimental error. The analysis-of-vari- 
ance method was used in these studies from the error obtained in 
the various crosses, it was used to determine a difl’erence which 
might be considered as significant, on the basis of a probablility of 
0.05 between tw^o percentages of infection.^ The amount obtained 
w^as used as the class interval in determining the inheritance of 
resistance to loose smut. The number of F 3 rows falling within 
the various class intervals, along with the reaction of the parental 
material to the disease, formed the basis for the proposed factorial 
relationship. 

The genetic studies of awns and both kernel and chaff color were 
made in the usual way. The proposed genetic composition, of the 
parental material, for the characters studied, based on their behavior 
in the previously mentioned crosses is given in table 21. 

There was no evidence in the studies made of any relationship 
between the morphological characters and resistance to loose smut. 


Table 21 . — Proposed genetic composition of parental material for characters studied 

in crosses made 


Variety 

Loose smut 

Awns 

Kernel color 

Glume 

color 

Hope.,,......,, 


A A RR 

R”, rx TCn rr-i rcn 


Preston... 

MiRi TnH.,. 

UU BB . 



01-24, 

rifi i?2f?2 jKaiSa ... 

(in. RR 

kiki /C 2 /C 2 AsAs.- 

k}h\ /cofc'jj 

QG 

Dieklow No: 3... ..... 

riTi 72T2 R'iRi-...- _ _ _ . 

aa BB .. 

go 

GG 

Federation . . . 

TiTi r 2 T 2 rar^. . 

aa 66 

k\k} kfkf 
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THE MANGANESE CONTENT OF GRASSES AND ALFALFA 
FROM GRAZED PLOTS > 

Donald W. Bolin - 

Assistant chemistj Idaho Agricultural Experiment Station 

INTRODUCTION 

The nutritive value of manganese and its occurrence in animal and 
plant tissue has received considerable attention within the last few 
years. The literature relating to manganese in plant tissue has been 
reviewed by Lindow and Peterson who reported analyses of 84 
samples representing the principal classes of human foods. In a later 
paper by Skinner and Peterson (12), analyses of 54 feeding stuffs 
were given, which show a wide variation in the manganese content 
of plant material. Several other investigators (P, ])p. 25-26) have 
contributed to the knowledge of the occurrence of manganese in foods 
and feeding stuffs. 

In this paper is shown the manganese content of orchard grass 
(Dactylis glomerata L.), domestic rye {Secale cereale L. ), tall oatgrass 
{Arrhenathem^^ elatius Beauv.), meadow fescue {Festuea elalior L. ), 
timothy iPhleum pratense L.), Kentucky bluegrass (Poa praterisis L. ), 
redtop (Jigrostis palustris Huds.), bromegrass {Brornm inermis), and 
alfalfa {Medicago sativa L.). The samples used for analysis were 
collected from the experimental substation plots at Caldwell, Idaho. 
Just before the plots were grazed, samples from each were taken and 
sent to the laboratoiy for analysis. The samples were then dried, 
ashed, and analyzed as described in the following paragraphs. 

METHODS OF ANALYSIS 

Since the anhydrous sodium carbonate fusion of the ash in biological 
material had shown increased recovery of calcium and magnesium 
(3, 8), it was felt that the method might ■well be applied to the color- 
imetric determination of manganese. The simplicity of the method 
and its many advantages in manipulation recommended it as a rapid 
and accurate means of getting complete recovery of manganese in 
plant tissue. 

One to two grams of the air-dry material to be analyzed was 
weighed into a platinum dish and ashed overnight in an electric muffle 
at 600° C. The ash was then fused with 3 g of anhydrous sodium 
carbonate. After cooling, the fused mass was placed in a 250-cc 
beaker and covered with a watch glass. Distilled water was added 
in sufficient quantity^ to moisten the sample and then 15 cc of 20- 
percent sulphuric acid (by volume) was added. When the fused 
material w^as dissolved, it was washed from the platinum criicible with 

1 Received for publication Dec. 6, 1933; issued June 1934. Research Paper No. Ill of the Idaho Agricul- 
tural Experiment Station. Presented before the eighty sixth meeting of the American Chemical Society 
at Chicago, 111., September 1933. 

2 The author wishes to express his appreciation to Prof. Harry P. Magnuson for providing the oppor- 
tunity for this study and for many helpful suggestions in the preparation of the paper. It is desired, also, 
to express appreciation to Reuben F. Johnson, superintendent of the Caldwell substation, for the collection 
of the grass samples. 
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a few cubic ceiitiineters of o-percent sulphuric acid. ^ A few^drops ol; 
15-perc€Uit sodium bisulphite were added to the solution until all the 
man^aiiese was reduced to manganous sulphate. The solution was 
theii'^ boiled to expel excess sulphur dioxide, filtered, and the acid- 
insoluble residue washed with several small portions of 5-percent 
siilphiiric acid. 

To the filtrate was added approximately 0.3 g of potassiuiii perio- 
date. The beaker was covered with a watch glass and its contents 
boiled for 5 minutes. The solution was allowed to stand for 1 hour 
at a temperature of 95° to 100° C. to insure complete oxidation of the 
manganese. The solution was then diluted to 90 to 95 cc with 5- 
percent sulphuric acid previously boiled with a little potassium perio- 
date, and cooled to room temperature, the entire sample transferred 
to a 100-cc colorimetric tube and compared in a colorimeter with a 
standard manganese solution. A standard solution containing 0.0025 
mg of manganese per cubic centimeter was a satisfactory one to use. 

The chlorides were not removed from the samples ; this step seemed 
unnecessary because of the small amount that is present in plant 
material. Aiccording to Willard and Greathouse (14), the presence 
of chlorides does not interfere with the final development of color, as 
the chlorides may be driven off by prolonging the time of oxidation 
and adding an excess of potassium periodate. Richards (11) has 
shown that excess acidity prevents full development of color or causes 
it to fade. The acidity, therefore, was kept between 5 and 6 percent. 
In the large number of samples analyzed no fading of color was ob- 
served. It was possible to let the samples stand for several hours and 
check the first reading, provided they were kept free from the fumes 
in the laboratory. 

The marked agreement in the results of analyses of 1-g samples of 
the same grass (orchard grass), is shown in the following tabulation: 


Sample no. — 

1 . 

2 

,3 

4 

5 

6 ., 



8 


Manganese (milligrams 
per kilogram) 

177.7 

177,7 

176.5 

.. . - 181 . 7 

- -- 178.7 

180.0 
1 79 . 2 
1 79 . 2 


Average 1 78. 8 

As a fimther test of the method, known quantities of manganese were 
added to samples of air-dry timothy hay, and recovery determinations 
wwe then made. ^ Table 1 shows that excellent recovery was obtained, 
cottsideiing the fact that a very small quantity of manganese was 
added as compared with that present in the sample. The difference 
in recovery of manganese was well within the experimental error of 
the colorimeter. 
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Table 1.— Recovery of known quantities of manganese added as manganese sulphale 
to 2 grams of air-dry timothy hay 


Manganese 

added 

(milligram) 

Total 

man- 

ganese 

found 

Man- 
ganese 
in grass 
taken 

Added 

man- 

ganese 

found 

Recov- 

ery 

Manganese 

added 

(milligram) 

Total 

man- 

ganese 

found 

Man- 
ganese 
in grass 
taken 

Added 

man- 

ganese 

found 

Recov- 

ery 


Milli- 

Milli- 

Milli- 



Milli- 

Milli- 

Milli- 



gram 

gram 

gram 

Percent 


gram 

gram 

gram 

Percent 


1 0.210 

0. 1825 

0. 0275 

110 


f 0. 210 

0. 1825 

6. 0275 

92 

0.025..... 

- . 207 

. 1825 

. 0245 

98 

0.030. 

■ . 212 

; . 1825 

.0295 

! 98 


{ .206 

. 1825 

. 0235 

94 


[ .215 

1 .1825 

.0325 

108 


1 .232 

. 1825 

. 0495 

99 


f • .205 

! .1825 

. 0225 

112 

0. 050... 

■ . 230 

.1825 

.0475 

95 

0.020 

i .200 

.1825 

.0175 

87 


[ .235 

.1825 

.0525 

105 


[ .203 

.1825 

‘ . 0205 

102 


1 .197 

. 1825 

.0145 

97 


( .215 

.1825 

.0325 

93 

0.015 

• . 195 

. 1825 

.0125 

83 

0.035 

{ . 218 

. 1825 

.0355 

101 


[ .195 

. 1825 

.0125 

S3 


[ . 220 

. 1825 

.0375 

107 


A comparison of the percentage recovery of manganese by the 
sodium carbonate fusion method, by the hydrofluoric-sulphuric acid 
digestion method (Jf), and by the official method (5) is presented in 
table 2, The hydrofluoric-sulphuric acid digestion method was used 
as a base of lOb-percent recovery to facilitate the comparison. It 
will be observed that the results obtained by the anhydrous sodium 
carbonate fusion method showed veiy good agreement with those 
obtained by the hydrofluoric-sulphuric acid digestion method, but 
the recovery of manganese ranged from 15 to 35 percent lower by the 
official method than by the other two methods. The sodium car- 
bonate fusion method has been used in a large number of analyses of 
plant material and has given very satisfactory results. 

Table 2. — Comparison of the 3 different methods used for the analysis of manganese 

in 7 grasses 


Grass 

Hydroflu- 
oric-sul- 
furic acid 
digestion of 

1 plant ash 

Sodium car- 
bonate fus- 
ion of plant 
ash 

Official 

method 

Sodium 

carbonate 

fusion 

Official 

method 

Hydro- 
fluoric acid 
digestion 

Hydro- 
1 fluoric acid 
digestion 


Mg per kg 

Mg per kg 

My per kg \ 

Percent 

Percent 

Orchard grass.. 

150 

150 

122 i 

100.0 

81.3 

Domestic rye 

122 1 

120 

102 

98. 3 

83.6 

Tall oatgrass . . 

110 

111 

94 

100.9 

85,4 

Meadow fescue 

106 

107 

90 

101.9 

85.7 

Kentucky bluegrass 

77 

76 

64 

98.7 

, 83.1 

Bromegrass 

160 

152 

no 

101.3 

73.3 

Redtop 

230 

228 

150 

99.1 

65. 2 


EXPERIMENTAL PLOTS 

The soil used for the experimental plots is a Boise sandy loam. It 
is described (^, 4^6) as a 

. . . . grayish-colored light sandy loam, with a soft, ashy feel, carrying a large 
amount of silt and having an average depth of about 2 feet. The subsoil of this 
type south of Boise River is a loam or clay loam which has an average depth of 
about 18 to 24 inches. This in turn is underlain usually with a sandy loam, but 
sometimes with sand, generally cemented together with calcium carbonate, 
forming a hardpan. 
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III the late sumiiier of 1930 one area of a field was fenced and divided 
into 9 ifiots. These plots were about 25 feet wide and 20 rods long, 
the length of the plots being parallel to the slope of the field. All the 
plots had iiiiiform. drainage, slope, and irrigation. Prior to the experi- 
iiiental work the following crops had been grown on this soil: In 
1921, corn; in 1922 and 1923, barley; in 1924 and 1925, wheat; and 
ill 1926 to 1930, alfalfa. 

The plots were grazed according to good pasture practice. Every 
2 weeks during the grazing season dairy heifers were allowed to 
graze on the plots for 1 to 3 days. After the stock had been removed, 
the plots were irrigated, but no fertilizer was applied to any of them 
during the experiment. ^ . 

Since the plots were grazed instead of clipped, definite yield data 
were not obtained. Howmver, the approximate height of each variet}?- 
of grass was determined at the time the sample w’-as taken for analysis, 
that is, just before the heifers were admitted to the plots every 2 
weeks throughout the grazing season. The fastest growing grass, tall 
oatgrass, averaged 6.4 inches in height; orchard grass, 3.6 inches; 
bromegrass, meadow fescue, redtop, timothy, and domestic rye, 
averaged 2.6 inches. Kentucky bluegrass, the slow’est growing grass, 
averaged 1.9 inches. Alfalfa averaged 5.5 inches. All the grasses, 
and the alfalfa, grew" more rapidly in the early part of the season. 

A representative sample of soil from each of the plots wms taken 
during the grazing season and analyzed for manganese and calcium 
carbonate, and the pH values were determined. The manganese 
■was determined as described in the oflScial methods (7). Calcium 
carbonate was determined by the Puri method ( 10 ) and the pH values 
by^ the hydrogen-electrode method. The soils of all the plots were 
uniform in manganese and calcium carbonate and in pH values 
(table 3). 

Table 3. — pH and percentage of manganese and calcium carbonate of the soil of 9 

pasture plots 


Plot planted in— 

Man- 

ganese 

Cal- 

cium 

carbon- 

ate 

pH 

Plot planted in-- 

Orchard grass..... ^ 

Percent 
0. 0706 
.0710 
. 0735 
.0703 
.0711 
.0707 

Percent 

1.00 

.75 

.75 

.75 

.75 

.75 

7. 80 

7. 23 

7. 85 
7.(55 

7. 55 

7.86 

i 

Hromegrass 

Redtop 

Alfalfa 

Average.. 

Domestic rye ' 

Tali oatgrass ■ 

Meadow fescue 

Timothy....' . . 

Kentucky bluegrass 



Man- 

ganese 

Cal- 

eiuin 

cartxm- 

a1,e 

{»H 

Percent 
0. 0715 

Percent 
U. 75 

7.90 

. 0712 

. 75 

7. 86 

.0712 

.75 

7. 72 

.07123 

.777 

7.72 


RESULTS OF ANALYSIS 

Table 4 presents the analyses of samples of orchard grass, domestic 
rye, tall oatgrass, meadow fescue, timothy, Kentucky bluegrass, 
bromegrass, redtop, and alfalfa, taken throughout the grazing season. 
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Table 4. — Manganese content {milligram per kilogram of grass ori oven-dry basis) 
of 8 varieties of grasses and 1 alfalfa, grown under grazing conditions 


Date taken 

Or- 

cliard 

grass 

Domes- 
tic rye 

Tall 

oat- 

grass 

Mead- 

ow 

fescue 

Timo- 

thy 

Ken- 

tucky 

blue- 

grass 

Brome 

•grass 

Red- 

top 

Alfalfa 

1932 

June 6 

268 

197 

105 

174 

86 

69 

172 

188 

61 

June 20 - - 

240 

130 

81 

127 

86 

77 

172 

I'VI 

41 

July 4_„„ 

292 

145 

91 

160 

97 

70 

166 

161 

39 

July 18 - 

240 

120 

90 

149 

97 

75 i 

172 

214 

49 

Aug. 1 

214 

85 

90 

154 

106 

107 : 

134 

214 ’ 

40 

Aug. 15 

170 

97 

82 

184 

150 

83 

134 

161 

47 

Aug. 29 - 

214 

97 

105 

176 

130 

73 

134 

177 

47 

Sept. 11 

158 

90 

121 

154 

130 

75 

107 i 

161 

47 

Sept. 26 

165 

123 

126 

no 

142 

80 

152 ! 

244 

48 

Oct. 11 

114 

135 

113 

124 

120 

72 

203 

240 

47 

Average 

207.5 

121. 9 

100.4 

151. 2 

114.4 

78.1 

154, 6 

192. 1 

46. 6 


Wide variations are shown in the manganese content of samples of 
a single, variety of grass taken on different dates. In spite of this, 
certain grasses showed a relatively higher manganese content than 
others. Orchard grass had the highest average manganese content of 
all the grasses. Next in order came redtop, bromegrass, meadow 
fescue, domestic rye, timothy, tall oatgrass, and Kentucky bluegrass. 

Alfalfa had a lower manganese content than any of the grasses. 
Since comparative yield data were lacking, it was impossible to com- 
pare the total amount of manganese recovered by alfalfa with the 
total amount recovered by the grasses. A rapid-growing and high- 
yielding species like alfalfa, although low in manganese, would show a 
relativel^^ high total recovery of manganese for the season. 

Since the soils of the nine plots showed a uniform manganese con- 
tent, and since all the plots had received the same treatment, it would 
seem that the difference in manganese content in the eight varieties of 
grasses was not due to the difference in manganese content of the soil 
or to a difference in soil conditions. Moreover, no correlation was 
found between the rate of growth of the eight grasses and their man- 
ganese content, nor between the rate of growth of a single variety of 
grass and its manganese content. It was concluded, therefore, that 
the difference in manganese content in the eight grasses was due to the 
difference in the capacity of the grasses for extracting manganese 
from the soil. 

As a check on the foregoing conclusion the writer calculated, from 
the field data of Wiggans {13), the total amount of manganese re- 
covered by seven of the grasses used in this experiment. Wiggans 
gives the average yield over a 4-year period of several grasses cut as 
pasture. His yield data, compiled by Ellenberger, Newlander, and 
Jones (^, p. 6), give the yield in pounds of dry matter per acre, as 
follows: Thnothy, 1,454 pounds; redtop, 1,557 pounds; meadow fescue, 
1,665 pounds; orchard grass, 1,711 pounds; Kentucky bluegrass, 1,387 
pounds; bromegrass, 1,690 pounds; tall oatgrass, 2,044 pounds. 

The total amount of manganese recovered for each grass in pounds 
per acre, based upon the preceding yield data, was as follows: Orchard 
grass, 0.0355 pound; redtop, 0.0299 pound; bromegrass, 0.0262 pound; 
meadow fescue, 0.0252 pound; taU oatgrass, 0.0205 pound; timothy, 
0.0166 pound; and Kentucky blue grass, 0.0109 pound. With the 
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6 xc 0 ptiori of ttiil oatgTtisSj tli©!*© was a close correlation between tlic 

total amount of manganese recovered by the grasses during the graz- 
ing season and their manganese content. The exception of tall oat- 
grass was to be expected, as this was one of the fastest growing and 

largest yielding grasses. 

Since* complete information on the manganese requirements of 
aiiimalsj and on the effect of an excess or deficiency of manganese in 
grasses is not available, it is impossible to determine to what extent 
the feeding value of the pasture is affected by its manganese content. 
It is clearly shown from the data presented, however, that the man- 
ganese content of pasture may be increased by growing such grasses 
as orchard grass, redtop, bromegrass, and meadow fescue. 

SUMMARY 

A new method for the determination of manganese in plant mate- 
rial by the fusion of the plant ash with anhydrous sodium carbonate is 
presented. This method gives a greater recovery of manganese than 
is obtained by the official methods. 

The manganese content of eight grasses is shown. The average 
manganese content (dry basis) ranged from 207.5 mg per kilogram for 
orchard grass to 78.1 mg per kilogram for Kentucky bluegrass. 
Alfalfa, with an average of 46.6 mg per kilogram was lower in man- 
ganese than any of the grasses. 

The eight grasses varied markedly in their capacity to extract 
manganese from the soil. 
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PLANT-TISSUE RELATIONS OF THE SUGAR-BEET 
CURLY-TOP VIRUS ^ 

By C. W. Bennett 

Pathologist, Division of Siiga)' Plant Investigations, Bureau of Plant Industry, 
United States Department of AgrictiUure 

INTRODUCTION 

The distribution of virus in different organs of affected plants 
received attention from some of the pioneer investigators in the field 
of plant virus diseases. More recently, consideration has been given 
to the tissues that may be concerned in the increase and distri- 
bution of virus in the plant and to the production of primary and sec- 
ondary pathologic symptoms. Enough evidence has been aceumulated 
to indicate a wide range of variability among viruses in their relation 
to various tissues of affected plants. 

The virus of true tobacco mosaic furnishes one of the best examples 
of rapid and extensive invasion of tissues. It seems to have a general 
systemic distribution in tobacco (Nicotiana fabacum L.) and probably 
invades nearly all the living cells of the plant. Certain other viruses 
have a more limited distribution and seem able to invade only specific 
tissues or parts. For example, it is doubtful whether the curl virus 
of raspberry {Rubus trigosus Michx.) occurs in tissue other than 
phloem, and the virus of the phony disease of peach {Amygdalus 
persica L.) is known to be restricted to the root system in the peach, 
though distinct pathologic symptoms occur on the tops of affected 
plants. 

Considerable evidence, largely circumstantial, has been accumu- 
lated which indicates an intimate relationship between viruses and 
phloem tissue, and which may be summarized as follows: (1) In 
virus diseases, such as potato leaf roll and sugar-beet curly top, in 
which necrotic areas are characteristic, necrosis is largely restricted 
to the phloem where it begins; (2) in certain virus diseases, notably 
tobacco mosaic, sugar-beet curly top, and maize streak, the rate of 
virus spread in the plant is best explained by assuming that the phloem 
is the main channel of movement; (3) it is believed by some workers 
that most insect vectors habitually feed on vascular tissue, and this 
has been shown to be true in the case of the vector of sugarcane 
mosaic; (4) the virus of raspberry curl and that of two types of rasp- 
berry mosaic may be restricted in their movement through the plant 
by removing rings of bark. Furthermore, in curly top and certain 
other virus diseases the low percentage of infection obtained by arti- 
ficial methods of inoculation may be due to inability, with the rela- 
tively crude technic available, to place the virus in susceptible vascu- 
lar tissue without causing injury that inhibits development of the 

1 Heceived for publication Oct. 18, 1933; issued June, 1934. 
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virus. Some of the evidence indicates the possibility of complete 
re.striciion of virus to the phloem tissue in a. few diseases, although it 

cO'iiiiot bo contoiiclGcl tlitit tliis iiiiSiY prove to litivo goiiGiiil ^.pplictitioii. 

Tiie wide botanical range of plants alfected by the curly-top virus 
offers possibilities for an extensive study of some of the relations of 
this virus to different plant tissues. Taking advantage of this fact, 
experiments have been performed with a view to^ securing data on such 
problems as that of determining the tissues in which the virus must be 
placed to produce infection, the tissues on which the vector of the virus 
of Gurty top feeds, the tissues from which the virus may be recovered, 
and the channels and rate of dispersion of the virus in the plant. 

ARTIFICIAL INOCULATION 

Infection of sugar beets (Beta vulgaris L.) or of other plants sus- 
ceptible to ciiiiy top by other means than the feeding of leaf hoppers, 
Euteftix teneUus (Baker), has been obtained with difficulty and in only 
a very small percentage of the plants inoculated. Severin ^ 
induced iiifectioii in beets by making repeated piinctiires with insect 
pins into the crown through drops of expressed beet juice. Carsner 
and Stahl (8) were successful in obtaining infection in only a few of a 
large iiiimber of plants inoculated by artificial means. Dana (11) in 
one experiment produced infection in 8 of 16 beet plants. In other 
trials in which beets, spinach (Spi/riacia oleracea L.), and tomato 
(Lycopersicon esculentmn Mill.) were inoculated, a low percentage of 
infection was obtained. 

An effective method of artificial transmission of curly top would 
facilitate materially the study of many of the problems presented by 
this disease and its causal agent. The results of artificial methods of 
inoculation, whether or not successful in producing infection, should 
throw some light on the general ciuestion of the plant tissues in which 
the virus may multiply and from which it can exert its effects on the 
plant as a whole, ^tith these points in mind, a number of incthods of 
inoculation were tried, mpst of which are already in general use. 

The plants inoculated included sugar beet, Hubbard squasli (Gucur- 
bita maxima Diicliesne), Turldsh tobacco (Nicotmna tahacum li.), arid 
Black Valentine bean (Phaseolus vulgaris L.). Atfecttal si)e(*hncns of 
all these plants and also macerated beet leaf hoppei’s w(M‘c us(al a,s 
sources of inoculum. Plants of various ages and condilions of growth 
were used with the different methods of inoculation. Tlie expm'irnont.s 
were made at Eiverside, Calif., from 1929 to 1932. 

NEGATIVE RESULTS OF INOCULATIONS THROUGH XYLBM 

In the earlier experiments attempts were made to infect through the 
xyleni elements of the vascular bundles. Twenty plants having roots 
approximately 1 inch in diameter were taken from the soil, the lower 
third mf the main root was cut away, and the cut surface of the re- 
maining root was placed in centrifugalized juice from diseased beets. 
The plants were placed for 8 hours in a dry atmosphere, to increase 
transpiration, and were then transplanted to 6-inch pots. All re- 
mained healthy. 


® Reference is made by number (italic) to Literatxire Cited ,p. 700 . 



Apr. 15, 1934 Plant-Tissue Belations oj Sugar-Beet Curly-Top Virus 667 


In a inodification of the above experiment, 10 beets were trans- 
planted to pots, a portion of the main root of each beet being 

allowed to project through the drainage hole at the bottom of the 
pot. The S-inch pots were set on the surface of soil in 6-iiich pots 
with the projecting root embedded in the soil of the larger pot. 
After the plants hacl become adjusted to this new condition the smaller 
pot, with the projecting root system, was carefully removed from the 
6-inch pot, and the exposed roots were washed free from soil and 
severeljT- primed. The 3-inch pots were then placed over containers 
so that the exposed part of the beet root was immersed in a liquid 
composed of 1 part juice from diseased beets and 3 parts tap water. 
The soil in the pots was allowed to become quite dry, and the plants 
were placed in a dry atmosphere to increase the amount of inoculum 
taken up b}^ the rooi system. After 48 hours the plants were removed 
and transplanted to 6-inch pots. No disease developed in any of 
these plants. 

In a later experiment, 20 rapidly growing beets having a crown 
diameter of about 1 inch were used. A hole was bored through the 
crown by means of a small-size cork borer. Glass tubing was inserted 
to a distance of about one fourth of an inch in each end of this hole. 
The beets were then joined in series by means of rubber tubing and 
connected to a liter flask containing centrifugalized juice from diseased 
beets. A layer of heavy oil was poured over the surface of the beet 
juice in the flask to reduce oxidation. A gravity flow of beet juice 
throiigli the system was started, the juice being taken from near the 
bottom of the flask. The flow of beet juice was regulated to about 20 
drops per minute by means of a pinchcock at the distal end of the 
system. This volume of flow was continued for 48 hours, with a 
change to fresh beet juice every 12 hours. None of these plants 
developed signs of cmlj top.^ 

In the experiments described above it is reasonable to conclude 
that considerable beet juice was taken up by the tracheae of the 
inoculated plants and that this juice contained active virus. The 
failure to produce disease indicates that the curly-top virus does not 
pass from tracheae into cells or tissues that permit it to become 
established and to initiate pathologic symptoms. 

RESULTS OP VARIOUS METHODS OP INOCULATION 

Many plants have been inoculated by other methods. These 
methods consisted of puncturing leaves, cotyledons, and crowns of 
young plants through drops of inoculum b}^ means of small needles ; 
rubbing leaves with rolls of cheesecloth saturated vdth inoculum; and 
injecting inoculum into the hollow stems of squash and into the pith 
of tobacco by means of a hypodermic needle. 

Inoculum was prepared in the following ways: (1) Diseased plants 
were ground in a meat chopper, the juice was expressed and centii- 
fugalized, and the relatively clear liquid was decanted and used as 
inoculum; (2) viruliferous beet leaf hoppers were macerated in a small 
amount of water in a mortar and used as inoculum; (3) the surfaces of 
the crowns of diseased beets were cut away with a sharp knife and the 
exudate from the cut surface was collected and used as inoculum. 

The results of these inoculations are given in table 1. Centrif- 
ugalized juice from diseased plants proved to be a very poor . source 
of infeetioTiR material with the methods of inoculation employed. 
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Ifisf hoppers likewise were a poor source of infectious 
ulthoiiyh the number of plants inoculated wns too small to 
iintjfv ti'ual conclusions. The best results were obtained from the use 
nl exi'idiite from the cut surface of diseased beets. With this material, 
14 of the 124 plants inoculated became infected. Although this is a 
low percentage of infection, it is so much higher than that obtained 
by the use of expressed juice that it is worthy ol further trial. 

HOW THE BEET LEAF HOPPER FEEDS 

With few exceptions, insects that are important vectors of plant 
viruses have mouth parts adapted for sucking plant juices._ The 
feeding habits of a considerable number of species of sucking insects 
have been studied by several investigators who have determined the 
relation of feeding punctures to specific tissues. These investigations 
have dealt predominantly with insects not associated with the spread 
of plant viruses, though" several of the species cause severe injury to 
their host plants as a result of the introduction of toxic substances. 


Table 1. — Resulis of artificial inoculation of sugar heet, Turkish tohaccoy Huhhard 
squashy and Black Valentine hean tviih virus from di^ff event sources 


Inoculum 

Plant inoculated 

Method of 

Number 

of plants 

inocula- 

tion 

Iiioculated 

infected 

Juice of beet 

Beet 

1 

80 

0 

Do 

Hubbard squash 

1,2 

80 

0 

Do - - 

do 

4 

20 

0 

Juice of Hubbard squash 

Beet 

! 2 

80 

0 

Do 


1 

80 

0 

Juice of Turkish tobacco 

Turkish tobacco 

i 2 

80 

0 

Do 


1 

20 

1 

Do - 

Beet--- 

1 

80 

0 

Juice of Black Valentine bean 

Black Valentine bean-.. 

3 

80 

0 

Crushed beet leaf hoppers 

Beefc 

1 

80 

0 

Phloem exudate from beet 

^ 

1 

124 

14 


« Numbers in this column refer to the followincf methods of inoculatiou: I, Needle iiunctures into crown 
through drops of inoculum; 2, needle punctures into crown through diseased leaves: IJ, gentle rubliing of 
leaves with a roll of cheesecloth saturated with inoculum; 4, iaoeuluiii injected into the hollow st.eni of 
squash or into the pith of tobacco by means of a hypodermic needle. 

Bilsgen (6), DaYidson (1^2), Horsfall (16), Kennetli M. Sniitli (Sh), 
and others have s1iow.ti that aphids, which constitute by far tlu‘. .most 
important group of vectors of plant virusesj feed on the ])hlo(uu 
tissues of the plants on which they live. Other sucking insects feed 
on parenclijma or vascular tissue or both, depending on the species. 
Leaf hoppers as a group, obtain food material from a number of 
tissues. Smith and Poos { 24 } found that of 6 species studied 5 fed 
primarily on the mesophyll of the leaf and 1 on the phloem, 

^ In only a few instances have careful studies been made of the feeding 
habits of insects in relation to transmission of plant viruses. Brandes 
(5}has shown that Aphis maidis Fitch, a vector of sugarcane mosaic, 
makes the phloem its primary objective. The stylets of this insect 
penetrate the epiderirds directly, pass through cells and intercellular 
spaces of the underlying tissues, and terminate in the phloem of a 
vascmar bundle. Kenneth M. Smith (26) states that the species of 
aphids that transmit potato leaf roll, as well as species that do not 
: transimt this disease, feed on the phloem. 
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No information has been published regarding the tissues from whicdi 
the beet leaf hopper obtains its food supply. Observations on leaf 
hoppers caged on beets indicate that they prefer the veins. This 
preference is especially noticeable if the leaf hoppers are feeding on 
petioles. In the sugar-beet petiole there are normally five or more 
large veins and several smaller ones arranged in an arc beneath the 
convex surface. The larger veins are deep-seated. The smaller 
veins vary in this respect, but those in the acute angles of the petioles 
are alwaj^s very close to the surface. In feeding, leaf hoppers arrange 
themselves in greatest numbers along these angles as if seeking the 
smaller and more superficial veins. 

To supplement these observations on the feeding of the beet leaf 
hopper, more detailed investigations have been undertaken. This 
work has included a microscopic study of mouth parts inserted in the 
tissue, and similar studies of the feeding punctures in the beet petiole 
by means of freehand sections of fresh petioles and by means of 
embedded and stained material. 

In obtaining mouth parts fixed in feeding position, leaf hoppers 
after being starved overnight 'were placed on beet petioles and allowed 
to feed until quiet. They were then subjected to a temperature of 
about 28° F. for several minutes or until they became inactive. A 
capillary pipette filled with ether was applied to the posterior end of 
the abdomen of each insect that remained undisturbed on the petiole. 
The etherized insects were covered with melted agar to fix them firmly 
in place. Portions of petiole with the agar-embedded leaf hoppers 
were killed and fixed in Schaffner’s chromo-acetic solution, and 
sectioned in the usual way. A very slight movement of the leaf 
hoppers before or during the killing and fixing processes resulted in 
partial or complete withdrawal of the stylets. Many leaf hoppers 
were found with stylets exserted from the labium but not inserted in the 
tissue, or only partly so. However, several leaf hoppers were satis- 
factorily fixed witli the mouth parts apparently in normal rela tion to 
the plant tissue. 

In further studies leaf hoppers were allowed to feed from 12 to 24 
hours on petioles and were then removed. Some of the petioles were 
sectioned iminediately; others were killed, embedded, sectioned, and 
stained. The line of puncture is quite evident in fresh inaterial as 
well as in stained sections. In penetrating the tissues the leaf hoppers 
form a sheath which completely encases the stylets. After the stylets 
are withdrawn this sheath remains and a definite line through the 
center marks the position of the stylets. In live petioles the sheath 
when first laid down is almost colorless but soon takes on. a yellowish 
coloration which clearly differentiates it from the plant tissue. In 
prepared sections it takes a deep safranine stain with the safranine- 
Delafield's haematoxylin combination (fig. T). 

A study of leaf-hopper mouth parts in feeding position in conjunc- 
tion with a study of numerous punctm^es in fresh and prepared material 
furnishes a complete picture of the relation of mouth parts to the 
various tissues of the plant during feeding. These studies have shown 
clearly that the leaf hopper is able to penetrate cell walls without 
difficulty (figs. 2 and 3). The line of puncture extends from the 
epidermis through and between cell walls of the subepidermal layers, 
frequently to vascular bundles. The path of penetration usually is 
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siraighr iriiil direerecl toward a.- rein, Howerer, may be 

fUin edi joal iVeouentlv is braiiclied near the tip (lig. h -i). Apparently 
(‘aa^be bent in only one direction at a time, but by partly 
u iriiilrawiiig tliein and inserting them in another ^diia^ctioii the leaf 
hrajper is able to explore a considerable area._ Some trails curve 
toward a vascular bundle from an initial direction that would have 



fnrUja- i, .I-/".--?:!!!: of feeding puneTurei? nf EvtttVii tendlu.3 in beet petioles. Results of probing are 
sivjw'ii :n n and rhange of direetiou to reach vascular bundles in B and C. A puncture terminating in 
rurent'hyma is shown in E. X ilO, 


temiiDa ted in parencliyma (fig. 1 , (7) . Punctui-es made f rom tlie xylem 
side of the petiole usually veer away from the iniddle of the bundle 
and enter the phloem from one side. A few instances of xylem invasion 
were noted in which copious quantities of exudate were deposited in 
the tracheae (fig. 3). Whether this happened by chance or -whether 
leaf hoppers e.xtract water or food from the xylem is difiicult to 
determine. However, the number of punctures terminating in the 
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phloem and the amount of probing sometimes done,, apparentl}^ in 
order to locate the phloem, indicate that this is the tissue of primary 
importance in siipphdng food. 

One himdred punctures were counted and classified on the basis of 
the tissue in which they terminated. Of these, 24 terminated in, or 
near the phloem of small veins; 22 terminated in or near the phloem 
of large veins;. 46 terminated in parenchyma outside of the bimdles. 
but began from points from which bundles could have been reached. 



Fiui'iiE 2.--.4-C Cross sections of beet petioles. The stylets of EuMtiifenelhi,^' are enjbedded in the tissue 
in the normal feeding position. X 90, 


Only 8 trails were found in the parenchyma of the concave side of the 
petioles originating from points from ■which bundles could not have 
been reached. It should be stated that’the section from which these 
counts were made came from small petioles on which large numbers 
of leaf hoppers had fed. Larger petioles and smaller numbers of leaf 
hoppers might be expected to give different results and probably 
would reduce the number of punctures terminating in the parenchyma 
outside of the bundles, many of which were ver^y shallow and were 
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pvv}>EKy mule by leaf hoppers disturbed before penetra- 

te PA ( ! been cnectuil. None of the punctures in the pareiicliyma was 
hrcurtieti nor was there otlier evidence that the leaf hopper spent 
xO, ’b tinui in exploring siicli areas. In view of these facts and of 
evidence to be presented later showing that the leaf hopper^ derives 
verv jittie of the life-sustaining materials from parench3niiaj it seems 
probable that in making these punctures the leaf hoppers were nierely 
k‘arc!iiiig for a more desirable medium from wliicli to extract^food. ^ 
Se’cerai investigators have mentioned the sheath, material found in 
the feeding* piiiictures of suckin.g insects, but there is a lack of agree- 
ment as to wliether the sheath material is of plant or of insect origin, 

Biisgen (6) is of the opinion 
i'- v; I that the sheath laid down by 

bbj the insects that he studied was 

! . composed of material excreted 

by the insect. Davidson (ff) 
considers that the sheath wall 
.-idpAis rumicis L. is ‘’^coin- 
, J posed of substances produced 

w/ by the reaction of the saliva 

b I on the cell sap/^ Horsfall 

\ \ i i (Id) found that the sheath in 

y d ^ the feeding punctures left by 

\ V"'' certain aphids contains pro- 

\ d c""' X i teid material and calcium 

U J / pectate, and suggests that it is 

/ V-b down by the plant cells in 

" response to a wound stimulus 
X though the proteid material 

X possibty be "injected hj 

the insect. King and Cook 
/ (17) suggest that the sheath 

X produced by the sucking 
insects that they studied re- 
suits from the action of insect 
saliva on the middle lamella. 

' ‘ F. F. Smith (E3) has shown 

that the sheath material in 

.reliitiontaUietis'^nesorihebeer petiole durme feedio,;?. p, ^ pj 

lTsriiviri;.^iri;ide with iheald ofaeammlueida.) XlSa tlie potato Icai UOppei' and the 

three-cornered alfalfa hopper 
is largely of insect origin and contains no plant substances mth the 
possible exception of pectose. Brandes (5) states that the sheath laid 
down by *d. wiaidis is composed of material given off by the insect. It is 
obvious diat the sheath material formed by £!/teffia;fer«Zte is composed 
of m ateriai that is given off by the leaf hopper itself. This was demon- 
strated bj" a method similar to that described by Fife (1.4); which 
involved mounting a live leaf hopper under a microscope in such a 
position as to have the mouth parts inserted horizontally tlirough a 
luembraue into a liquid in the field of vision. In tliis position the 
insect may be watched in the process of forming a sheath. Many 
individuals begin the discharge of a colorless material as soon as the 
niouth parts penetrate the membrane and continue as the stylets are 
inserted farther into the medium. The discharge coagulates almost 
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iiiirnediately and forms a distinctly visible liyaliiie slieatli around tlie 
stylets, wliich in thickness and general pln^sical properties is similar 
to the sheath found in freehand and stained sections of the beet 
petiole. Withdrawal of the stylets leaves a very definite line marking 
their position. With repeated penetration and partial withdrawal of 
the stAdets a considerable mass of exudate is built up in 'which stylet 
trails extending in many dii-ections are visible. 

The materials deposited in the plant tissues by iionviruliferotis leaf 
hoppers eAudentW cause very little injuiy to the plant as a whole, 
since a beet plant of average size will siip'port a large leaf-liopper 
population for a considerable period with no marked ill effect. 

Fiirther investigations were made to deterniine the reaction of 
individual cells in different types of beet tissue to feeding punctures 
of nonAfiniliferoiis leaf hoppers. Large numbers of leaf hoppers were 
fed on beet petioles 24 hours and then remoAmul. IMicroscopic exam- 
inations of freehand sections of these petioles were made daily for 10 
days and at 5-day interAmls thereafter, the last exainination being 
made 20 chiA’s after feeding. The sheaths were at first hyaline but 
soon became yellowish or yellowish brown. Thiy maintaineti their 
original relations to the cells to a remarkable degree. B}" the tenth 
day, in some instances, the sheath material was displaced in some of 
the cells and had shrunken slightly. It was still present and easily 
traced, however, on the twentieth day. 

Where collenchyma Avas traversed, the yellowish color of the 
sheath Avas imparted to the thickened parts of tlie cell AAUills. This 
AAuis true also of the cell AA^alls of the bundle cap. Other cells in the 
path of punctures did not sIioaa^ this change in color of \Amlls. The 
large parenchyma cells through AA’hieh the sheaths passed reacted in 
different Avays but all retained their turgidity for 20 days after the 
pimctures AAmre made. Some remained apparently norinal, even 
retaining iiorinal-appearing chloroplasts along Avith slieath material. 
Others had a distinctly granular protoplasmic striicture and the 
iiiicleiis in some cases Avas granular and irregular in outline. The 
cells Avere apparently very rarely dead even after 20 days. The cell- 
AAurll discoloration in the collenchyma and bundle cap had almost 
completely disappeared after 15 days, and the Auisciilar bundles 
seemed normal except for the sheath material reinaining in the cells. 

Assuming that the pliloeni is at least the cliief reservoir of Auriis and 
the place of most rapid multiplication, as stated preAiously by 
Brandes (p) in the case oi Aphis 7naidis^ it AAmiild be difficult to iiiiagine 
a.' mechanism more perfectly designed for Afiriis extraction and intro- 
diiction than that possessed by. the beet leaf hopper. . The la}fi.ng 
doAAui of a sheath around the mouth parts as they penetrate probably 
effectually seals off all contents of cells external to the phloeni. The 
introduction of sheath material into, the phloem insures the. introduc- 
tion of saliA^'ary secretions into this tissue and probably accounts for 
the. introduction of virus. This Adrus is liberated into a,' medium .rich 
. in nutrients and in. a tissue physically adapted for the rapid distribu- 
tion of iiiociiki.m to .A^arious parts .of the; plant, ..especially to the 
rapidly., growing areas. The. same insect , mechanism is equally 
efficient in remoAung .Adrus directly from the phloem. AAithoiit having 
the Adrus . come in contact with cell contents' of pa.renchyina. tissue or 
with^ external agents. , 
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TISSUES FROM WHICH THE LEAF HOPPER OBTAINS FOOD AND 

EXTRACTS VIRUS 

Attempts were made to segregate eertain types of beet tissue and 
to deteiTiiiiie tlieir viriis content by testing tlie ability of leaf hoppers 
to obtain Tims from them. These experiments hare consisted chiefly 
of segregating parencliyinatoiis tissues in different parts of the plant 
j'md coiiipariiig tlieir wirus content with adjacent tissues containing 
Tasciilar bundles. Tissue in which there are no vacsiilar elements may 
be isolated from the ventral side of large petioles, from the crown of 
large beets, from the pith of the flowering stalky and from seeds in an 
early stage of development. 

However, before accurate conclusions regarding the virus content 
of tissues froiii these various sources nia}^ be drawn from the results 

of leaf-hopper transmission 
experiments, it is necessary 
to know the efiect of the 
tissues on the leaf hopper 
and the relative amounts of 
materials that the leaf hopper 
is able to extract from them. 
To throw some light on tins 
problem, the mortality of the 
leaf hoppers having access to 
parenchyma tissue from each 
of the sources just mentioned 
has been compared with the 
mortality of leaf hoppers 
having access to adjacent 
tissue containing vascular 
0 s 2 3 4 5 6 7 8 9 10 elemeuts. The average 

length of life of leaf hoppers 
iuc7CRE4.™Mortaiity of the different tissues is 

taken as a rough relative 
iiieasiire of the food and other materials obtained, 

LEAF-HOPPER MORTALITY ON DIFFERENT TYPES OP BEET TISSUE 

^Mortality tests were made in two separate experiments. In the 
first experiment, mortality of leaf hoppers having access to vascular 
tissue of petioles was compared with that of an equal number of leaf 
hoppers having access to parenchyma of the ventral side of petioles. 
The experiment was started with 10 petioles for each type of feeding, 
and 10 leaf hoppers were placed on each petiole. Fresh petioles were 
supplied every 48 hours. The petioles were covered with ,a thick 
coating of paraffin, with strips of paraffin about one fourth of .an mch 
wide and inches long removed to expose parenchyma tissue on the 
concave side in one series and vascular' tissue along the acute angles of 
the petioles in another series. As a further check on these treatments, 
a third lot of 100 leaf hoppers w"as placed in small cages where they 
had access, to tap wuiter tlirough a parchment membrane, and a' fourth 
lot, of 10.0 \vas placed in small cages without food or water. The 
experiment .w’-'as run at relatively low' temperatures (60°-75° F.)"^ and 
cliseoii tinned at the end of 10 days,. The results are showm graphically 
in figure 4. 
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All leaf hoppers receiving neither food nor water were dead at the 
end of the second day. The mortality curve of the lot receiving 
pareiicliyma is roiighh’ parallel with that of the lot recei^dng tap 
water, although the death rate is slightly lower in the latter group ; 
mortality reached 100 percent on the seventh and ninth days^ respec- 
tively. The leaf hoppers ha%dng access to the vascular tissue thrived 
iiiiich better^ only 39 percent being dead at the end of the tenth da^-^. 

In a second experiment^ tissue from additional sources was used and 
the leaf hoppers were kept at a temperature of 90° to 100° F. The 
different lots of insects in materials available for this experiment were 
given j respectively j (1) neither food nor water, (2) tap water, (3) 
parenchyma of the petiole, (4) vascular tissue of the petiole, (5) 
young seeds, (6) hull of the seed ball, (7) pith from the crovui and 
flowering stem, and (8) tissue containing vascular elements, from 
areas adjacent to the pith of the flowering stalk and the crown. The 
experiment was rim in duplicate series, 50 leaf hoppers being used in 


each treatment in each 
series. The test was 
discontinued at the 
end of 48 hours. The 
results are shown 
graphically in figure 5. 

As measured by the 
control treatment in 
which the leaf hoppers 
received neither food 
nor water, each of the 
types of tissue on 
which the insects were 
allowed to feed yielded 
s 0 m, e life-sustaining 
111 a t e r i a 1 s . Y oung 
seeds proved to be 
poorest in this respect, 
probably in part be- 
cause of their tend- 
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Figuke 0 .-— Mortality of Eutettix fenelliis on dilferent types of- teet 
tissue at 90® to 100® F. 


ency to dry very rapidly. The mortahty curve, however, is steep for 
parenchyma from all sources except the flowering stalk and crown. 

In general, these experiments indicate that parenchyma is unfavor- 
able for the beet leaf hopper. Parenchjmia of the petiole seems to be 
little, better than tap water. Parenchyma of the flowering stalk and 
crovm is more favorable and ranks in food value next to tissue con- 


taining vascular' elements. It is worthy of , note that parenchyma 
from the flowering stalk and crown is higher in S'ugar than parenchyma 
from other sources', and it is poss'ible that this greater sugar content 
is responsible for the prolonged life of the leaf hoppers. Normall^^, 
of Ihese types of parenchyma, only that from the petiole is .available 
to leaf hoppers. These, experiments fnrnish additional evidence/, to 
support the view that the beet leaf hopper is . chiefly dependent . on 
the pMoem for its. food. , 

The' next question of importance is -whether the. leaf hopper feeds 
sufficiently on .parenchyma from the various sources' to acquire virus' 
.if it is present. ..Experiments have, indicated that.' a ,, relatively .short, 
period of feeding/is suflacient for leaf hoppe:rs to acquire v^^^ 
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fli-ea-pti biiil leaves. A few individuals have becoiiie yiniliferoiis 
jifter a l-iimuilv feeding period, and larger numbers acquire _ virus as 
the iVefliiig period is increased. Of 150 leaf hoppm’s fed singly on 
di>aa'-ed r^eet leaves, 11 percent acquired the virus in 5 minutes. In 
anothei' test with the same number of leaf hoppers, 23 percent became 
viniiiferoiis after a lO-minute feeding. Sinceylie^evidence shotvs that 
tiie beet leaf liopiper acquires enough material from parenchyma to 
appreciably prolong its life, and since the leaf hopper acquires the 
virus ill a very short period of feeding on diseased beet leaves, it seems 
reasonable to assume that the leaf lioppeimnay be used to furnish 
evidence regarding the presence or absence of virus in parenchymatous 
tissue despite thelact that parenchyma is not a very favorable source 
of food. 

VIRUS CONTENT OF TISSUES OF BEET PLANT 

A^smiiLIlg that the method just described affords a means of testing 
for the presence of virus, nonviniliferous leaf hoppers have been given 
access to various types of tissue isolated from diseased beets. At the 
time tlie leaf hoppers were given access to parenchyma a second group 
of leaf hoppers was placed in an empty cage to serve as a check on the 
feeding of the leaf hoppers on parenchyma. When all the leaf hoppers 
serving as checks were dead the insects siir\dving on parenchyma were 
transferred to seedling plants. These checks were used in all tests 
except those involving the parenchyma of the petiole. 

Pabenchyma op Petiole 

Large petioles from beets infected dui‘ing the ciiiTent season were 
covered with paraffin, and strips of this were removed to expose 
paienchyiiia or vascular tissue, as described previously. Forty non- 
viruliferoiis leaf hoppers were allowed to feed on each petiole, "20 for 
24 hours on parenchyma and 20 for 24 hours on vascular tissue. One 
half of the ■petioles had parenchyma exposed during the first 24 hours 
and vascular elements exposed during the second 24 hours, and the 
other half had the exposures made in reverse order. At the end of the 
feeding period the leaf hoppers were divided into lots of 5 each and 
caged on healthy plants. In this manner 8 healthy sugar-beet plants 
were inoculated from each petiole; 4 plants by means of leaf hoppers 
which had access to parenchyma and 4 by means of leaf hoppers, which 
had access, to, vasculaiy elements. One hundred and four plants were 
inoculated by means of leaf hoppers from each type of tissue. Of the 
104 . plants inoculated by means of leaf hoppers "from vascular tissue, 
42 becarne infected,;,, whereas, of the 104 plants inoculated by means 
of.leaf hoppers from parenchyma, only 1 became infected. The results 
of this experiiiient are shown in table 2. 

In a second expe,riinent, petioles were taken from plants that had 
iieeii diseased several months and on which petioles had been produced 
subsequent to infection. The plan. of this experiment was the same 
as that just described, .except that larger numbers of petioles were 
used and oiily^one lot of leaf hoppers was given access to each petiole, 
,1,11 this test, 0,1 the SO plants inoculated by means of leaf hoppers from 
tissue cont.a,i.mng vascular elements, 37 became infected; whereas, of 
the SO plants inoculated by .means. of leaf hoppers from parenchyma 
tissue,, none s,iiowed any sign of disease (table 2). 
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Table 2— Vims cmiteni of sugar-beet tissues as indicated hy leaf-hopper tests 


T,issiie tested ; 

Leaf 

hoppers 

fed 

Plants 

inocu- 

lated 

Plants Infected 

Vascular tissue, petiole of first-year beets ! 

Number 

520 

Number 

104 

Number - 
4,2 : 

Per cent 
40. 3 

Parenctiyma tissue, petiole of first-year beets ; 

520 

104 

1 : 

.9 

Vascular tissue, petiole oi second-year beets 1 

400 ! 

SO 

37 ■ 

46.2 

Parenchyma tissue, petiole of second-year beets. 

4(K) i 

SO 

0 i 

.0 

Vascular tissue, flowering stalk ! 

420 ! 

S4 

62 i 

73. S 

Pith of flowering stalk i 

420 i 

S4 

0 ; 

.0 

Vascular tissue below crown ' I 

600 ! 

120 

5S ‘ 

4S.3 

Parenchyma tissue below ciown 

600 ' 

120 

0 ; 

7. 5 

Outer hull of seed ball.. 

200 i 

40 

i 11 ! 

27. 5 

Young seeds.. 

: 200 i 

i 

40 

^ 0 i 

.,0 


a 5 leaf hoppers were placed on each plant inoculated. 


Parenchyma op Crown 

Tissue selected as containing no vascular elements was taken from 
the crown of large diseased beets and placed in a cage containing noii- 
viruliferoiis leaf hoppers that had been starved overniglit. A second 
lot of tissue containing vascular elements was taken from the portion 
of the beet adjacent to the first selection and exposed to a second lot 
of leaf hoppers. After the leaf hoppers had been allowed a feeding 
period of 5 hours they were divided into lots of 5 eacli and placed on 
healthy beet seedlings. One hundred and twenty plants were inocu- 
lated by means of leaf hoppers from each of the two food sources. 
In tliis experiment^ of the 120 plants inoculated by means of leaf 
hoppers from tissue containing vascular elements, 58 became infected ; 
and of the 120 plants inoculated by means of leaf hoppers from tissue 
containing no vascular elements, 9 became infected. 

In the foregoing experiment, tissue was taken from six beets and 
the tissue from each beet was used as a separate test. For the six 
beets the number of infections resulting from the leaf hoppers that 
had access to parenchyma tissue was, respectively, 0, 1, 5, 0, 3, and 0. 
The infections resulting from leaf hoppers that had fed on adjacent 
vascular tissue from the same beets were, respectively, 6, 9, IS, 16, 
9, and 5. Each value represents, the number of infections obtained 
from inoculating 20 plants. 

These results seem to demonstrate that vhus does oceiir in some 
t 3 ^pes of pareneh\mia tissue. Perhaps if virus occurs in aiiy paren- 
chyma tissue of the plant it would be expected to be present in the 
parenchyma that lies immediately below the growing point and closest 
to, the actively growing areas of the beet crowm. However, even there 
it seems to occur in cliiiiixiished concentrations — ^in some cases in 
concentrations too low for. relatively large numbers of leaf hoppers 
to pick it up. 

Pith OF Flowering Stalk 

Large , fruiting stalks were. -.selected from plants that had been 
infected the season prior to flowering. Portions of pith containing 
no . vascular tissue w^ere removed nnd exposed to .the feeding of non- 
virulifero-us leaf , hoppers-. A second" group of nonviruliferous leaf 
hoppers .was .alowed to feed on tissue containing .vascular elements, 
selected from the area immediately adjacent to the' pith that, was used 
-as food for the first lot. Eighty-four plants were- inoculated from each 
lot of leaf hoppera. Of the 84- plants inoculated by means of the leaf- 
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i>orii lissne coiitaiiiing Tasciilar elements, 62 became infected; 
wLbreas n’.' file N4 plants inoculated by means of tlie leal hoppers from 
larb, iiHiie -bowed any sign of disease. 

Yotjxg Seeds 

Severin (21) lias shown that there is no seed transmission of the 
ciirly-top virus in beet. Since this is true, the question arises as to 
wlietlier tlie vims never gains access to the seed in any stage of its 
cleYelopiiieiit or whether it may be present in certain early stages of 
seed development and become inactivated as the seed^matures.^ 

To obtain inforiiiation as to whether virus occurs in seeds in the 
earlier stages of their development, young seeds from diseased plants 
were separated from the siirroimding tissue and placed in cages wdiere 
noiiviriiliferoiis leaf hoppers had access to them. Very young seeds 
having a high water content were selected. As a check on the virus 
content of the nearby tissue, the hulls of the seed balls from which 
the seeds were removed ^vere placed in cages with other nonvirulif- 
eroiis leaf Iioppers. After periods of several hours the leaf hoppers 
%vere divided into groups of five each and placed on seedling beets. 
Of the 40 plants iiiociilated by means of leaf hoppers from liiills, 11 
showed signs of the disease: whereas of the 40 plants inoculated by 
means of leaf hoppers from seeds, none became infected. 

Since no virus was obtained from the seeds by the leaf hoppers, it 
seems probable that seeds contain no virus even in the early stages of 
their development and that virus may not be able to pass from the 
plant into the seed. Therefore, absence of seed transmission may be 
due to a barrier between the embryo and the mother plant which, 
altlioiigii permitting passage of water, mineral elements, and elabo- 
rated foods, restrains or inactivates the ririis. 

CONCENTRATION OF VIRUS IN PHLOEM EXUDATE 

^ The foregoing experiments show that leaf hoppers readily acquire 
virus from vascular tissue and. rarely obtain it from other tissues. 
Since the xylem elements evidently do not carry any considerable 
amount of virus, the phloem must contain at least the greater part of 
the virus i,n the vascular elements. Liquid from pliloein tissue nury 
be obtained by making cuts across the tops of beet roots. In a few 
mmiites drops of exudate appear above the severed ends of vascular 
bundles and may be^ collected vith capillary tubes and used in arti- 
ficial feeding tests prith leaf hoppers. Attempts were made to com- 
pare the relative virus concentration of such exudate with that of the 
expressed juice from the entire beet. In these tests, drops of exudate 
froiii^ diseased beets were placed on a parchment membrane. Non- 
viriiliferoiis leaf hoppers were allownd to feed on the exudate through 
the membrane for about 4, hours and then were caged singly on seedling 
■beets.' 

.A second lot of nonviruliferoiis leaf hoppers were allowed to feed. on 
■expressed beet juice and then wnre caged singly on seedling beets. 
The results shown in table 3 indicate that mor^\inis is available,, to 
the leaf hopper from phloem exudate than is available from expressed 
juice from the, entire beet. Of the 104 leaf hoppers fed on phloem, 
exudate, 33 produced infection; whereas of the 1.04 leaf hoppers having 
access to expressed beet juice, only 4 gave evidence of having acquired, 
virus. 
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Table 3. — -Virus content of phloem exudate and expressed heel juice as indicated 

by leaf-hopper tests 


Material tested ! 

Plants in- i 
oculateds 

P.I‘aiits i,ufeeted 


1 Number ^ 

Number 

Percent 

Exudate from phloem of beet root 

I liM ! 

33 

31..7 

Expressed jaiee .from beet root ! 

104 , 

4 : 

3. 8 

.Exudate from beet petioles i 

. 24 i 

7 

. 29. 1 

Expressed juice from beet petioles 

i 

24 ! 

0 ! 

.0 


« 1 leaf hopper was placed on each plant inocalated. 


It is noted frequently that drops of exudate collect on the leaves 
and petioles of rapidly growing beets that have been recently infected. 
Tills exudate has long been considered to come from the phloem. 
Eecently, Esau (13) has made histological studies of diseased beets 
and described the path wiiich tliis exudate takes in moving from the 
phloem to the exterior. By means of exudate of this type fiirther 
feeding tests were made to determine virus concentration. These 
tests were carried out as already described, 24 leaf hoppers being 
given access to exudate and an equal number having access to ex- 
pressed juice from beet petioles. In this test, 7 leaf hoppers acquired 
the virus from exudate, wiiereas none was found to be viriiliferous 
after feeding on expressed Juice. 

In connection with the experiments that indicate a very low" con- 
centration of \drus in types of tissue other than phloein, these tests 
with phloem exudate seem to demonstrate conclusively that the chief 
virus reservoir in the sugar beet is pliloem tissue. Phloem exudate 
with its high virus content may prove valuable in virus purification 
experiments and in w"ork dealing with properties of the virus. 

MOVEMENT OF VIRUS IN DIFFERENT TISSUES 

GRAFT UNIONS OF SUGAR BEET 

Twnnty healthy sugar-beet plants having main roots approxi- 
mately three fourths of an inch in diameter w"ere taken from the soil, 
and a portion of one side of each root w"as removed by means of a sharp 
knife. Twenty diseased beet plants w-ere treated in a similar manner. 
The cut surface of each diseased beet w"as placed in contact with the 
cut surface of a healthy beet and the twm plants firiiily bound to- 
gether and potted. Symptoms of curly top began to appear on the 
new' leaves of the inoculated beets in 3 weeks. Of the 20 healthy beets, 
17 became diseased. In the case of the 3 beets that did not develop 
symptoms, the diseased member of the pair died probably . before 
union was complete. 

GRAFT UNIONS OF TOBACCO 

Experiments were conducted with Turkish tobacco to determine at 
what, stage in the development of 'a graft union ihe .curly-top virus 
passes .from, a diseased scion to a healthy, stock. Healthy tobacco, 
plants were cut back' to a height of about 8 inches,, and 3 inches of 
stem..from a diseased plant wras grafted to each healthy plant. Cuts 
were , made, at ..angles tha.t afforded considerable , .surface contact. 
Grafts were .removed from stocks at 24-hour intervals for 15 days 
and the .results o.n. the inoculated plants noted (table 4),. ,, 
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4. — Time required for infedion of healthy tobacco stocks hij semis from 
diseased plants 



No iiifeotioriL occurred until the seventh day. The number of in- 
fected plants increased from 27 percent on the seventh day to 100 per- 
cent on the twelfth cla^v. The union between the stock and the scion 
was examined for all the time intervals used. At the end of 3 days a 
definite union was found which was complete enough to make neces- 
sary the use of an appreciable amount of force in removing the scion. 
Graft unions of different ages from 3 to 9 days were killed, embedded, 
and sectioned, and then w^ere examined under a compound microscope. 
In all the specimens sectioned, the union at the end of the third day 
was composed wdiolly of meris tenia tic tissue. This ra.pidly differen- 
tiated into other tissues and in the 5- and 6-day-old unions the begin- 
nings of tracheal elements were clearly evident. In them-, 8-, and 
9-day-old unions, apparently mature tracheal elements with pits and 
rings were distinctly visible. The walls of these elements were ligni- 
fied, as indicated hj their taking a deep safranine stain. Phloem ele- 
ments could not be clearly identified, but strands of elongated cells 
■paralleling the tracheae were observed, wiiich ma}'" well have included 
fiiiictional phloem. 

The foregoing experiment seems to demonstrate that in tobacco 
infection does not result from contact of cut surfaces and that virus 
does not move through newly formed- ineristem in a period of from 2 to 
4 days. Infection apparently does not occur until after tracheal ele- 
iii'mk, and probabh’' phloem elements, connect the stock w-ith the 
scion. Since the vii'iis seems unable to pass out of tracheae into other 
cells and hecoiiie established sufficiently to produce disease, and since 
ituilso seems iiiiahle to pass through ineristem or young parenchyma, 
it appears extremely probable thad in tobacco grafts the virus moves 
in the phloem in crossing a graft union. 

■ eem:oval op rings of bark^ and internal phloem. 

Killing P'Oitro,iis o,f stems and reinoring rings of hark have been .the 
methods used b\" several investigators to obtain evidence regarding 
the tissues in which virus is dispersed through plants. 

The writer (J^S) found that the virus causing curl of raspberry and 
twn viruses causing mosaic of raspberry may be limited in their move- 
ment through the plant by removing rings of b.ark.. 

In tomato,' according to Caldwell (7), the virus of mosaic bridged 
an area on the stem from which a .ring of bark was, removed. As 

^ 3 The term “bark'” as used .ia this paper signifies all tissue of the stem from epidermis to eambium, 

inrilnsiTO. ’ 
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Caldwell points out, however, the tomato has a weak development 
of internal phloem, so that it is not clear whether the virus passed 
through the wood}?- cylinder, the pith, or the internal phloem. The 
same investigator conducted experiments to determine whether the 
virus nioved through dead portions of stem. Of the 26 plants having 
portions of the stems treated with chloroform, the virus in 14 did not 
cross the treated area. In 12 plants, virus was present in noninocu- 
lated parts. These exceptions are attributed to incomplete killing of 
the stem, regeneration of tissue, and accidental infection. In plants 
having portions of the stems killed by steaming, the virus w-as held 
in the inoculated parts for several weeks in 20 of the 21 plants used. 
The one exception was thought to be due to accidental infection and 
not to movement of virus across the steamed area. 

The virus causing cmiy top has certain characteristics that render 
it convenient for experimental use in tests involving tissues through 
which movement occurs. One of the most important of these is its 
failure to produce infection except as inoculated into plants by its 
specific vector, thus reducing to a minimum the chance infection of 
noninoculated parts of plants kept for long periods of time. More- 
over, the virus causes disease in a large number of plant species, thus 
making available a wide range of anatoniical types for experimental 
use. 

Since the sugar beet cannot be employed in ringing experiments 
because of its anatomical structure, it was necessary to choose some 
other susceptible plant for such experiments. In making a survey of 
susceptible plants of a more or less woody nature, tests were made 
on two species of tobacco, namely, common tobacco (Nicotiana 
tabacum L.), Turkish variety, and tree tobacco {N. glauta Graham). 
These plants grow well under a wide range of greenhouse eoiiditions, 
are easily propagated at all seasons from seeds or cuttings, and are 
very satisfactory for experiments involving grafting. Moreover, the 
presence of an internal phloem makes these species suitable for experi- 
ments on the movement of virus in the phloem not possible in most 
other types of woody plants. Each of these species has been used 
in a fairiy extensive series of ringing experiments. 

Nicotiaxa Tabacum 

Turkish tobacco has onljr a medium degree of susceptibility to 
infection by the curly-top virus, but symptoms of disease are char- 
acteristic and well marked. Infection may be induced by leaf hoppers 
or by grafting. In most of the experiments about to be described 
leaf hoppers were used in making inoculations. 

The first experiments vfitli Turkish tobacco were planned to deter- 
mine whether the virus would pass downward through a killed portion 
of stem. Plants approximately 2 feet tail were cut back to. a height 
of about. 10 inches and the buds in the leaf axils allowed To .grow, to 
a length of 1 to 2 inches, A portion of the stem below the second or 
third bud from the .top .Avas .incased in a celluloid cylinder, the bottom 
being closed around - the stem.' ■ Hot - paraffin was' poured into 'the. 
Gylm.der.k. This killed the .tissues ' and protected and supported the 
killed: .'..area.., : After a portion^of the stem had been.; Idlled d,n. '.tH,s 
manner, ' leaf hoppers were allowed to feed on the. top bud. . ' Distinct 
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to a lieigiit of 18 inches and buds were allowed to start. The plants 
were then divided into 8 lots and treated as follows: 

Lot 1. — A ring of bark was removed from the internode below the second or 
third bud from the top. This is termed an external ring (fig. 6, B, a). 

Lot 2.— a hole was made through the bark and wood of the inteniode about 
one half of an inch below the second or third bud, by means of a small cork borer 
and the pith and internal phloem were removed, exposing a ring of wood one 
fourth of an inch wide on the inner side of the woody cylinder. This is termed 
an internal ring (fig. 6, b). 

Lot 3. — An outer and inner ring 1 inch apart were made with the outer ring 
above the inner and the two rings separated by the second or third bud from the 
top of the plant (fig. 6 , B, c). 

Lot 4. — The plants were treated as in lot 3, except that the relative positions 
of the two rings were reversed (fig. 6, B, d). 

Lot 5. — An outer and an inner ring, 1 inch apart, were made with the outer 
ring above the inner and both rings in the second or third internode (fig. 6 , B. e). 

Lot 6. — The plants were treated as in lot 5 except that the relative imsitions 
of the rings were reversed (fig. 6, B, /). 

Lot 7.— “Outer and inner rings were made in the second or third internode, the 
two rings being placed at the same level on the stem (fig. 6, B, ,g). 

Lot 8. — Plants were treated as in lot 7, except that a small strand of bark was 
left in the outer ring (fig. 6, B, /z). 

Tliese treatments were designed to determine whetlier tbe curly-top 
virus moves (1) tlmoiigli internal pliloem, (2) tlirougli the external 
pliloenij (3) from the internal phloem to the external phloem tlirough 
unions of the two in the leaf traces,, (4) from the external to the internal 
phloem through unions of the two in the leaf traces, (5) from the 
internal phloem to the external phloem tlmoiigh the mediillary rays 
or other parts of the woody cylinder, (6) from the external phloem to 
the internal phloem through the medullary rays or other parts of the 
woody cylinder, (7) downward through the woody cylinder, or (8) 
through a very small strand of bark bridging an external ring. 

Immediately after ringing, the top bud on each plant was exposed 
to yiruliferoiis leaf hoppers. Symptoms of ciiriy top appeared on 
the inoculated bud in from 6 to 13 days. Typical results of a series 
of tests are shown in figure 6, A, and results of all tests are given in 
table 5. 


Table o. — hidiicnce of rings on virus movement in plants of TurJcish tobacco 
[Nicotiana tafiaeum) cut back to a heigJit of IS inches, inocidaied in top two biids,^ 
and: ringed 1 to S inches below the point of inoculatiori 


Number and position of rings 

■ '■ ■ ■■ ■■ . • 

, 

Plants in* 
feeted 

Effect on plants in 
which virus passed 
rings 

.Effect on plants in 
which virus did .not 
,pass rings 

Plants af- 
fected 

Average 
period be- 
tween inoe- 
nlation and 
api)€arance 
of symp- 
toms 

Plants a.f- 
fected 

Average . 
period, be- 
tween inoe- 
iilation and 
.death of 
.parts above 
' 'rings 

Outer ring oiil v ■ 

Number: 

.15’ 

.8 

■■■ . 15 . 

15 

11 

U) 

14 

■" 

Number 

15 

. '8 

.15 

15. 

'■'4 

.3-,: 

'0; 

7’. 

. Days 
■.9.9 
ILO 
9. n 
11.1 

i . 35. 0 , 

1 : ..,'37.0 j 

’. '1114 • 

Numbi't 

0 

0 

. 0 

13 

14 

1 0 

Days 

Inner ring onlv.. 


Outer link,! iiicii above inner, bud between— 
Outer ring 1 Ineli below inner, bud between-.-— J 
Outer ring 1 inch above inner, botb in internode.. ^ 
Outer ring 1 inch below inner, both ininterndde.,. 

Outer and inner rings at same level 

Outer and inner rings at same level, strip of bark 1 
in outer ring--.-: ......I 

!'■ ’■ 

I 83. 8 

1 97. 5 

I 9 
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In ill: cases ^e-iiere there was aa uninterrupted channel through either 
iiueriiii! or external phloem across the rings the virus moved downward 
uith iittie apparent delay. In many instances in some types of ring- 
ing. symptoms were evident on shoots below the rings before any sign 
of disease appeared on the inoculated parts. _ In the type of ringing in 
wiiich the appearance of virus below the ring was dependent on its 
inovoinent through a distance of less than one fourth of an inch of 
woodv cvlinder. no symptoms appeared in any parts below the rings 
in any of the 14 plants inoculated. The diseased parts aboye the 
rings lived for an average period of 86.9 da3^s from the time of inocu- 



FiGiTBE 7.— Regeneratiori of cells in the woody cylinder of tobacco plants having two rings 1 inch apart in an 
inlernode: A, Nkotiana tabanumi JB, N. glauca. X 40, 


latiori. Ill the series of tests in which the two rings were at different 
levels in tlie internode and the external ring was the higher, the virus 
was held in the inoculated parts in -7 of the 11 plants used. , The 
inoculated parts in these 7 plants lived an average period of 83.8 days. 
In four plants symptoms appeared below the rings in an average period 
of 35 days. In the series in which both rings were at different levels 
ill an internode. and the internal ring was the higher, the virus was 
held. in the inoculated parts in 13 of the 16 plants used, the average 
life of tops of the 1 3 plants being 97.5 days. In three plants symptoms 
appeared in pai’ts below the rings in an average period of 27 days. : In 
spies in wHch there was an uninterrupted path of phloem across the 
rings, s}miptoms appeared on the ■ parts below rings in an average 
period of 9.6 to 11.1 days, which differed in different series. 
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The seveii plants in wliich s3^mptoms appeared below rings in the 
two seiies in wiiich the rings were at different levels in an internode 
were examined to determine what conditions were present or what 
changes had occurred that might have a bearing on an explanation of 
virus passage. Serial sections of entire internodes revealed definite 
regions of regeneration of what appeared to be mediillaiy rays in one 
or more areas of the woody cylinder. These regions were sufficiently 
evident to be recognizable to the unaided and seemed to consist 
of masses of newly formed tissue extending from a region of very active 
internal phloem outward and downward to the bark^ splitting the 
wood in their growth. These interphloem strands seemed to have 
their origin just above the top of the internal ring. It is considered 
probable that the internal phloem transports considerable food iinder 
normal conditions but that since the internal phloem is enclosed by a 
rigid tissue the opportunit}' for the expression of growth impulses may 
be limited, and the tendency to initiate regeneration of medullary 
rays niaj^ be greater than from the opposite side of the woody c^dinder, 
wliere the food brought dovm in the external phloem is used "to form 
a great amount of callus, wood, bark, and roots. A typical regenera- 
tion area is shown in figure 7, A, These areas of regenerated tissue 
were examined microscopicalh^ for phloem elements. Thej^ were 
found to be composed of a large variety of active cells of different 
shapes and sizes, some narrow and very much elongated, others broader 
but rectangular, and many oval or irregular. Phloem tissue could not 
be identified definitel}', but it seems quite probable under the cir- 
cumstances that tissue capable of translocating elaborated foods was 
present in these connecting strands. 

Nicotiana Glauca 

To have available a more woody stem, a perennial species of tobacco, 
Nicotiana glauca^ was chosen for several series of ringing experiments 
similar to those described for N. tabacurn, N. glauca, however, has 
not been reported as susceptible to cmlj top, and before the ringing 
experiments 'were started preliminaiy tests Avere made to determine 
the reaction of the species to the curh-top vims. To test suscep- 
tibility to infection, large nnmbers of viriiliferous leaf hoppers were 
allowed to feed on five small plants for several da^’s. None of these 
plants developed symptoms of curly top. Larger plants, 3 feet or 
more in height, were then used. These %vere pruned to a height of 
about 18 inches, and a 3-inch length of stem from a plant of Ab toTacim 
affected with curly top was grafted at the top. The Ab iabacum 
scions grew well and developed typical curly-top sjniptoms. No 
signs of disease appeared, however, on any of the new growth from the 
stock. Parts of stems from healthy Ab plants were 

grafted in at the base* of the Ak glauca stems at points about 14 inches 
below the diseased scion. These grafts without exception became 
diseased, showing that theAk glauca plants w^ere infected and that the 
virus had moved downward through approximately 14 inches of stem. 

It was later proved that Nicotiana glauca is susceptible to infection 
by direct feeding of leaf hoppers. Healthy' Ak tabacurn stems were 
grafted into the base of Ak glauca plants and viriiliferous leaf hoppers 
w^ere allow^ed to feed on young shoots of the Ak glauca stems. The 
virus passed from the inoculated shoots tlumigh the stem and infected 
the graft several inches below. 
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Tv<i> were next made to determine how long the virus would 
reii niii ariive in Xiadiana glaiica. Two plants wliicli had been 
from Ax iabacum. by the grafting method were selected 
and all Ad iabacuni tissue removed. These two ^ plants were tested 
at intervals over a long period by grafting portions of their stems 
on healthy Ad iabacum plants. The production of disease in this 
latter species shotved that the virus was active in A', glwuca 2 years 
after the plants were infected. At no time; however, pwere signs of 
eiiiiy top visible on these plants. The species seems to be a symptom- 
less carrier of the virus under the conditions of these tests. 

The stem of Nicotiana glauca is very well adapted to ringing ex- 
periments, but since tlie plant does not-show symptoms of the presence 
of virus it was necessary to modify the technic used in previous 
experiiiieiits with A", iabacum. A suitable modification was accom- 
plished by grafting A", iabacum on Ad glauca stems as _ follows: ^ A". 
glaucu plants were grown in 12-inch pots to a height of 3 to 7 feet 
and pruned to a hei^it of IS inches. Plants were inoculated bv graft- 
ing infected Ad iabacum stems at the top. A second portion of stems 
from Ad iabacum, this part from a healthy plani, was grafted in at 
the base about 14 inches below the top or diseased graft. This 
latter graft was used as an indicator of the presence of vims in the 
basal portions of the A^. glauca plants, and^ the Ad glauca stem was 
used as a niediiim in which to study the influence of rings in the 
downward movement of virus. 

The rings were placed on the Nicotiarm glauca stems about 1 mch 
below the point of union with the upper graft of Ad iabacum. The rings 
were made as described for Ad iabacum with the additions shown in 
table 6, where the results of this experiment are tabulated. 

Table 6. — Influence of rings on virus movement in Nicotiana glauca plants cut hack 
to ti height of IS inches and grafted to curly-top Turkish tobacco at top and to 
kmlthy Iiirkish tobacco at base • 


Number aD,d posiiion of rings 


Neitiier inner mr oater rings.. 

Outer ring only.... 

In..ii€r ring only ■ 

Outer ri.ng ,1 inch aboTe inner, bud between.. 

Outer ring i inch below inner, bud between 

Outer r.iag 1 i.n.eh aboTe. inner, both in an inter- 

node 

Outer .ring 1 iiic.h below inner, both in an inter- 

rjotle....-.-. 

Outer and .iiiner rings at s.ame level in an inter- ■ 

node. 

Outer and .i.iiiier rings at same level, strip of bark 

_ in outer ring 

Outer and .inner rings at .same level, strip of 

__ phloem in inner ring.. 

Outer ring .1 inch above inner, both in internode, 

strip of bark in outer ring..: 

Outer ring 1 m.eii below inner, both' in mfernode, 
strip of bark in outer ring 


: Plants in- 
i oculated 

i Etieet on plants in 
which virus passed 
j rings 

Effect on plants in 

1 which virus did not 

1 pass rings 

: Plants 
affected 

; Average 

I period be- 
1 tween in- : 
! oculation i 
1 and ap- j 
i pearanee of 
! symptoms 
below 
rings 

Plants 

1 affected 

1 

Average 
period be- 
tween in- 
oculation 
and death 
of part 
above 
rings 

Number 

Number \ 

Pays 

Number 

Pays 

10 

10 1 

23. 6 



la ! 

15 j 

23. 8 



15 

■15 I 

22. 7 



15 

15 

1 25. 5 



1 15 

15 1 

22.5 



1 i 

i i 

3 : 

63.0 

■ .'..12 

• '245 

■ ns 

,■ . ■ 1 i 

33.0 

14 

261 

■ ’ 

0 

i 

15 

203 

T ■ . 10 

10' 

' 19. 5 



5 

1 ’ ' 5 , 

26.. 2 



6 

6 

19. 6 




■''.5 

20.0 

............ 
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Plants having no rings required about the same average length of 
tim.e for the appearance of symptoms on the lower graft as those in the 
groups having only an external or an internal ring. Two rings 1 inch 
apart seemed to have no influence in delaying the passage of virus in 
plants where the two rings were separated by a bud, regardless of their 
relative positions. The average length of time required for the appear- 
ance of symptoms was 25.5 days in plants where the outer ring was 
above the bud and 22.5 days in plants where the inner ring was above 
the bud. Whether this difterence of 3 days is significant may be 
questioned. However, it is worthy of note that in the plants requir- 
ing the longer period for the appearance of symptoms on the lower 
graft the rings were so placed that materials moving dovmward in the 
phloem would be required to pass outward to the external phloem 
from the internal phloem through connection in the leaf traces. 

Two rings, one external and the other internal, 1 inch apart, and 
both in an internode, prevented the passage of virus in 26 of 30 plants 
in the two series showm in table 6. In these two series, the 4 plants 
in which the virus passed the rings were of the same age and had been 
inoculated and ringed at the same time. At the time of inoculation 
they had relatively immature stems with thin woody cylinders. 
Serial sections of the internodes in which the two rings were located in 
all 4 plants revealed strands of newly formed tissue extending from 
the internal phloem at the top of the internal ring downward to the 
external phloem of the bark. Figure 7, H, shows a section of one of 
these strands. 

In 15 plants having two rings at the same level in an internode, there 
was no instance in which the virus passed the rings. The average 
length of life of the diseased parts above the rings was 203 days. 
Figure 8, A, shows a plant of this series that retained virus above the 
ring for more than a year with no movement across the ring during 
this time. 

The presence of a small strand of either internal or external phloem 
bridging rings which otherwise prevented virus passage, permitted 
the virus to pass with no measurable delay. The influence of a small 
strand of bark as compared with complete severing of phloem con- 
tinuity is illustrated in figure 9, A and B. The influence of a bud 
between the internal and external rings is illustrated in figure 10, 
A and B. 

KATE OF VIRUS MOVEMENT 

A better understanding of the movement of virus in plants and of 
the factors influencing it would throvr new light on some of the funda- 
mental problems presented by plant viruses. The subject of viriis 
movement in plants has received attention from several investigators. 
Sufficient evidence has been accumulated to indicate considerable 
variation in the behavior of difterent viruses. Whether this variation 
is due to the specific nature of the viruses or to the fimctioning of the 
plants in which they occur is a question of considerable interest and 
importance- , 

McCubbin and Smith (18) were among the first to present data on 
the rate of dispersion of viruses in plants. They measimed the rate of 
movement of the virus of tomato mosaic by layering bomato ' plan 
inoculating them at the distal end of one of the branches, and severing 
the stems between the rooted portions at different distances' from the 
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point of inoculation at knowni time intervals. By this means they 
were ivlhe to eaicnlate a rate of movement of 1 to 2 inches per day or 

1 to 2 luin per hour. _ • , ,i 

.Severin 0^2) inoculated the distal ends oi beet leaves with the 
.''•niiv-top virus bv means of leaf hoppers and severed the inoculated 



Figure Xkonarm glauca plmt that had a diseased N, tabacum graft placed at the top and a healthy 

A’. fahiicuRi graft placed at the base and rings of internal and external phloem removed at the same level 
inimedlattly below the top graft. After 420 days, virus was present in the part above the rings and absent 
in the parts below the rings. B, Binged area, natural size. (Photographed 1 year after grafting.) 

leaves at measured distances from the point of inoculation after 
different time intervals. The most rapid movement measured by 
this means was 7 inches in 30 minutes, or a rate of 14 inches per hour. 

Storey (^7), using methods similar to those of Severin, found that 
in 3 of 8 plants the virus of maize streak moved downward from the 
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point of inoculation at the distal end of a maize leaf, a distance of 40 
cm, in 2 hours. 

Boning (4) found that the virus of tobacco mosaic moved 13 cm in 
2 days in tobacco and 9 cm in 2 da^^s in tomato. 

Holmes (.h5), although not attempting an accurate measurement of 
maximum virus moveinent, has presented some very interesting 
studies on rate of invasion of tobacco plants by the mosaic virus. 



FidURE 9,-- Effe-ct of a small strand of bark on the downward movement of virus past rinp:s in yiccOana 
glauea: U, Plant having internal and external rings at same level and a sirip of bark in the outer ring 
Guiiy-top symptoins may be seen on the lower graft. B, Plant having rings as in A but no strip of bark in 
theouterring. The lower graft shows no curl y-top symptoms. U, a.and B, a. Kings ofrespeetiveplants, 
natural size. (Photographed 40 days after inoculation.) 

He shows that the rate is at first very slow until the vasciilar bundle 
is reached. The virus moves more rapidly along the veins traversiiig 
the leaf blade and petiole. Apparently, the speed of movement is 
again accelerated when the virus passes into the stem from the 
inoculated leaf. 

These results indicate a wide range in rate of movement among 
yiruses in affected plants. This range extends from a rate of 1 to 2 
inches per day in the tomato mosaic virus to a rate of 14 inches per 
hour in the virus of curly top. The factors deteimiiiing these wide 
differences are of interest. Among the factors that may exert an 
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influence at the time of testing are the specific na,ture_of the tissue 
inoculated, the en^^l■OIlnlental conditions, the physiologic tone of the 
plarit, and the species or variety of the plant. An effort has been 
made’ to extend the work done by Severin and to make further 



FiouRE Uf.— EiTeer of a bud heiween internal and external rings on the passage of virus downward in a stem 
of Xicotiana glauca: A, Plant- having external and internal rings and bud between. Note symptoms on 
the lower graft. B, Plant having internal and external rings in an internode. Note the absence of symp- 
toms on the lower graft. (Photographed 40 days after inoculation.) 

deteriainations on the rate of movement of the curly-top virus. 
Tobacco and sugar beet were used in these experiments. 

TOBACCO 

Measurements were made of the rate of the downward movement 
of virus in the stems of the Turkish variety of Nicotiana tahacum. 
All the plants were more than 24 inches high at the time of their selec- 
tion for this experiment, and some of them were showing the first 
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indication of blossom buds. The youngest leaves of each plant were 
enclosed in a celluloid cage into which 50 to 100 viniliferous leaf 
hoppers were placed. The leaf hoppers were allowed to feed 5 hours. 

The inoculated plants were incubated for different periods of time. 
At the end of the period allowed for wus movement they were cut 
off at a point 24 inches below the lowest point of inoculation^ and all 
leaves were removed except the small ones on which the leaf hoppers 
fed. The stem was next cut into eight parts^ each 3 inches longj and 
the segments placed in sand. In nearl}^ all cases these cuttings rooted 
readily and produced a very satisfactory growth. The appearance of 
curly-top symptoms on a cutting indicated that the \driis had reached 
that particular part of the stem in the period allowed for downward 
movement. The results of this experiment are shown in table’ 7. 
The virus did not move out of the inoculated 3 inches of the stem 
in any plant in 24 hours. In 48 hours the virus moved a distance of 
24 inches in plant 10, or at a rate of one half inch per hour. The ex- 
tent of stem invasion increased irregularly with the period allowed for 
virus movement up to 144 hours, when the virus had in all cases 
moved through the full 24 inches of stem and had reached the root of 
the plant. As calculated from these data, the maximum rate of virus 
movement is one half inch per hour (plant 10) for a 4S-hoiir period. 

Table 7 shows that there were decided differences among mdividiial 
plants. For example, in plants 16 and 19 the virus had not moved 
out of the inoculated 3 inches in 96 hours, whereas in plant 17 it 
moved 24 inches in the same length of time. Perhaps the most inter- 
esting results were obtained from plant 20, in the 96-hour incuba- 
tion period and from plants 23 and 24, in the 120-hoiir period. In 
plant 20 sections 1, 2, 3, 5, and 6 and the root portion were diseased 
and sections 4, 7, and 8 were healthy. In plant 23 sections 7 and 8 
were diseased, whereas all the other sections were healthy, including 
the inoculated tip and the root below the 24-iiich mark. In plant 
24 sections 4, 5, and 7 were health}^ and all the other sections were 
diseased. In all these plants, as usual in the experiment, the sections 
recorded as diseased showed symptoms on the first leaves from the 
buds and continued to show marked symptoms so long as they lived 
or until they were discarded. All the cuttings froiii tliese three 
plants were transferred to soil in 8-iiich pots and the heaithy-appear- 
iiig ones were grown to flowering. The plants were then further 
tested for the presence of vii*us grafting portions of the stems on 
healthy plants. In no case wms evidence of the presence of virus ob- 
tained in plants grown from sections which had shown no symptoms. 
Symptoms were present at all times in all plants grown from other 
sections. . y 

The significance of this erratic distribution of vii'iis is not clear. 
In plants 20 and 24 it might well be that in its movement doTOward 
the virus failed to come into contact with tissue in segments 4, 7, 
and 8, and in segments 4, 5, and 7, respectively, in wMch .it could,, 
become established and multiply. , In plant 23,, how'ever,.it is diftcult' 
to account for, the absence of- virus in .-the inoculated portion and its; 
presence in two segments farther down the stem. 
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Pius and iiimus signs indicate positive and negative results, respectively, obtained from planting 
various 3-indi sections "of the inoculated stem. 'Where a cutting showed infection it was considered to 
indicate that the virus had reached that section of the stem in its downward movement. 

Counting down;war(i from inoculated top. 

SUGAR BEET 
SEEDLrxG Beets 

Experiments ixitlx seedling beets were planned with a view to study- 
ing the rate of nioveinent of virus in cotyledons under different con- 
ditions of temperature. Seedling plants were used that had the 
beginning of first true leaves and cotyledons niore than 1 inch long. 
Leaf lioppers were caged singh'^ on the tip of one cotjdedon of each 
plant. The time at which each leaf hopper started to feed was noted 
and the feeding period was terminated after the desired interval by 
removing the leaf hopper. The plants wmre grown in 6-inch pots, 
4 plants per pot. The pots were numbered consecutively. In all 
eveii-niimbered pots the cotyledons on which the leaf hoppers fed 
xvere severed 1 inch from the point of feeding after the desired period 
allowed for virus niovement. The odd-numbered pots 'were kept 
as controls and received the same treatment as the even-numbered 
pots, except" that the cotyledons on wliich the leaf hoppers fed were 
not removed. The feeding periods of the leaf hoppers were 2, 3, and 
0 iiiiniites; the periods allowed for virus movement xvere 2; 3, o, 10, 
and 15 iiiiniites; and the air temperatures at which the various tests 
were made were roughly 85°, 110°, and 135° F. The results of 
these experiments are shown in table 8. 
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Table 8. — RMe of movenient of virus in cotyledons of young sugar-beet plants 


Temperature ('F.) 

.Leaf- 

hopper 

feedln .2 

period 

Period 
allowed 
for virus 
to move 

1 inch 

Cotyledon removed , 

Cotyledon not remove.d 

Plants 

inocu- 

lated 

Plants 

nfeeted 

Plants ' 

i.nocu- , Plants 
la ted ' 

Infected 


Minutes . 

Minutes 

Xumber 

Xumber 

Percent i 

Xiirnher \ Xurn^nr 

Percent 


2 

2_ 

SO 

0 

.0 I 

Iti ^ 0 

.0 


i 

3 

SO 

0 

.0 I 

so : ii 

.0 

no 

5 

5 

so 

1 

L2 i 

so : 'f 

11, 2 


5 

10 

C6 

5 


71 ; 11 

15. 4 


5 

1.5 

77 

5 

6.4 i 

82 i 6 

7. 3 


' 

! 2 

176 

0 

.0 ■ 

m i 

4. 9 


i 

i 3 ^ 

SI 

25 

IS. 5 ^ 

79 i 24 

3(1. 3 

Sn 1 

5 

I 5 ’ 

70 

S 

11.4 i 

76 1 19 

25. 0 


.5 

10 

7-4 i 

14 ! 

IS, 9 i 

74 .; 17 

: 22. 9 


0 

1 15 i 

1 73 ; 

13 ’ 

17. S i 

75 ^ 21 

is! b 


5 : 

60 

' SO . 

11 

13. 7 1 

so la 

IS. 7 


2 

2 1 

: SO ^ 

2 

! 2. »5 

SO S 

10. 0 


3 i 

i ^ 

78 ! 

6 

' 7, 7 ' 

■SO 11 

13.7 

110 ! 

' 5 

5 ' 

S2 ' 

32 

39. 0 : 

7h 31 

39.7 


5 ; 

10 I 

6S ^ 

IS 

i 26. 4 ; 

61 12 

IS. 7 


5 i 

15 : 

SO i 

26 

’ 32. 5 : 

SO : 25 

31.2 

135 1 

,f 2 : 

2 ; 

SO ! 

1 

i 1.2 ■ 

SO ! 6 

7.5 


1 5 : 

0 ^ 

40 ; 

S 

20. 0 ' 

40 i ,10' 

,25. 0 


Infection did not occur in any plant after the 2- and 3-minute 
feeding periods in the 60° series nor in any plant after the 2-mi.niite 
feeding in the 85° series. Infection oeeiirred in test plants and coii- 
'trols after all the other feeding periods and exposures in all series. 
As calculated from these data^ the rates of movement were as follows: 
At 60°y 12 inches per hour; at 85°, 20 inches per hour; at 110°,^ 30 
inches per hour; and at 135°, 30 inches per hour. However, consider- 
able caution should be exercised in drawing conclusions from these 
calculations regarding the effect of temperature on the rate of ■ virus 
movement. Although the calculated rate was lowest at 60°, the per- 
centage of infection was also low. . The low percentage of infecticn 
indicates a lower inoculative efficiency on the part of the vector, 
which in turn may mean that the minimum time required for infecticn 
to occur may be longer than at higher temperatures, thus correspond- 
ingly reducing the available period for virus movement. However, 
the results at 110° seem to furnish some support for the assumption 
that the virus moves more rapidly at this temperature than at 60° 
or at 85°, since in the 5-, 10-, and 15-minute exposures, as measured 
by the controls, the removal of the cotyledons on which the leaf hop- 
pers fed seemed to have little influence on the percentage of plants, 
which later developed disease; whereas at 60° and 85° the percentage 
of infectio,!! was considerably reduced by removing, the cot^dedons 
after exposure. , 

.Beet Plants H.aving Seveeal True Le,aves 

, In see,d,ling plants the determination of very rapid, rates, of virus 
movement is limited by the minimum duration of the required infec- 
tion period and by the length of the, cotyledons. In order to obtain 
a .relation,, between time of infection ■ and extent of movement which 
would permit the detection of rates of movement more rapid than 
30;, inches per hour, plants, having. leaves. 3 to 10 inches long were used 
in a second experiment.. Ten lea.f hoppers were allowed to feed 6 
minutes at the distal end of a leaf on each plant at a temperature of 
.85° to 100,° .F. ' Tn the. odd-numbered' pots the inoculated leaves were 
severed, 1, 2, 3, etc., , up to, 10 inches irom ., the, point,,, of .inoculation ,,6 
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iriiiiiitps liUer feeding started. The eTen-niimberedj3ots were retained 
as eieitrois. The experiment was run in three series (table 9). ^ The 
resalts within a series are considered comparable, but one series is not 
stiictiy (‘oiiiparabie with any other, because of differences in date of 
inrx'iilation and in age of plants used. 

The results of this experiment show’ a maximum downward moye- 
iiieiit of 15 iiiclies in 6 minutes, or a rate of 60 inches per hour. An 
aiiaiysis of results indicates that even this rapid rate of moyenieiit 
does not represent the maximum rate attainable under the most 
fayorable conditions for moyement. Series 1, 2, and 3 of table 9 show 
considerably less iiifectioii in plants from wiiicli the inoculated leaf 
W’as removed than in the controls. This, liow’eyer, did not hold in 
some ;of the subsequent tests made on very rapidly growing plants. 

Experiiiieiits 1 and 2 of table 9 show" the results of tw’o additional 
tests on plants growing at different rates at the time of inoculation. 
The plants used in experiment 1 of this table w-ere thrifty but w^ere 
not growing at= an excessive rate; those used in experiment 2 wmre in 
rich soil and w’ere growing very rapidly. In experiment 1, infection 
in the test plants w’as considerably less than in the controls. Ivlore- 
over, infection decreased as the distance of required virus movement 
increased. Tlie results of this experiment, if standing alone, wmild 
iiidicate (1) that there wns a rather uniform decrease in infection as 
the length of leaf removed w’as increased and (2) that the virus would 
not iiiove more than 4 inches in 6 minutes. 


Table 9. — Virus movement in leaves of young sugar-beet plants 


Series or experiment. 

Lensjth 
of leaf 
removed 

Inoculated leaf not removed 

1 Inoculated leaf removed 

Calcu- 
lated rate 
of virus 
move- 
ment per 
hour 

Plants in- 
oculated 

! Plants infected 

i 

[ Plants in- 
1 oculated 

1 

Plants infected 


Inches 

Nimher 

Number 

1 Percent 

Number 

Nil mber 

Percent 

Inches 


f ^ 

120 

56 

46. 0 

120 

27 

22.5 

30 

Series i 

< o 

120 

64 

53.3 

120 

33 

27.5 

20 


1. i 

320 

50 

41.6 

120 

20 

16. 6 

30 


f 4 

140 

3S 

27.1 

140 

15 

10.7 

40 

Series 2 

0 

340 

40 

32. S 

140 

15 

10. 7 

50 


i 6 

340 

47 

33. 5 

140 

17 

12.1 

00 


7 

40 

10 

25.0 

40 

0 

0 


Sjpirjpic;, S ! 

■S 

40 

11 

27.5 

40 

0 

0 



9 

40 

10 

25.0 

40 

0 

0 



10 

40 

10 

25.0 

40 

0 

0 



1 : 

20 

IT 

85 

20 

s 

40 

10 


2 i 

20 ^ 

13 

65 

20 

f) 

30 

20 

Experiment i. 

3 : 

4 i 

20 i 
■ 20 1 

15 

11 

75 

55 ■ 

20 

20 

3 

1 

15 

5 

30 

40 


5 i 

20 

7 

35 

20 

0 

0 



, . 6 i 

20 

‘ 6 

30 

20 

0 

0 



1 

1 20 

13 

■■ 65 

20 

8 

40 

i 10 


2 

: 20 

14 

70 

20 

10, 

50 

1 20 

Experiment 2 

3 

4 

20 

i 20 

10 

13 

50 

65 

20 

20 

10 

11 

50 

55 

30 

40 


5 

20 

12 

60 

20 

11 

55 

50 

1 

6 

20 

12 

60 

20 

9 

,45, 

60 


, 111 rapidly growing plants, results were quite different. , The re- 
moval of the inoculated leaf after 6 minutes did not appreciably , de- 
crease the percentage of infection as-measimed by the controls. "This 
wuis true regardless of whether 1, 2, 3, 4, 5,- or" 6 inches of leaf was 
renioved^, and^ the chances, therefore, 'that- the virus .wnuld move 
6 inches in 6 minutes were about the same as that it wmuld move 1 inch 
in 6 miniites. It seems probable that under the conditions of this 
experiment viras could have been sho.wm -to move more than 6 inches 
in 6 niiniites had longer leaves been available. 
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DISCUSSION 

The results obtained in the various experiments outlined in this 
paper are interpreted as indicating a very intimate relationship be- 
tween ^the ciirl3'-top virus and the phloem tissue of affected plants* 
Virus is introduced into the phloem by its insect vector. It, moves 
downward from the point of inoculation toward the root system at a 
very rapid rate. Results of leaf -hopper feeding experiments indicate 
that the virus concentration in exudate, believed to be derived largely 
from the phloem, is high as compared %vith that in expressed juice from 
the entire beet. Virus apparently does not pass from the xjdem into 
the phloem or any other tissue in sufficient ciuantities to cause sys- 
temic infection. After it is established in the phloem the, evidence 
indicates that it passes into adjacent parenchyma t.iss'iie only in very 
limited amounts in the beet, and experiments have failed to demon- 
strate that it ever occurs in the parenchyma of two species of tobacco. 
The evidence supporting these conclusions mav be worthv of fiirther 
study. 

It is considered probable that the close association of the virus with 
the phloem tissue may have a bearing on the difficulty eneoiiiitered 
in obtaining infection by mechanical mociilatioii. The ordinary 
methods of mechanical inoculation undoubtedly can be depended upon 
to introduce viiiis into parenchymatous tissue of various kinds, since 
infection is induced readily vdth other viruses by these methods. 
Artificial-moculation experiments indicate that introduction of virus 
into such parenchyma cells as the leaf hairs of beet, tobacco, squash, 
or bean, never produces infection. Since the vmis does not set up 
a systemic infection after its introduction into pareiichymiatoiis cells, 
only two other possible courses are open to it. It must either remain 
in these cells and fail to set up a systemic infection or it must be in- 
activated by substances resulting from cell injury or by normal con- 
stituents of parenchjmiatous cells. 

In the light of the information now available, it seems probable that 
if artificial infection is to be obtained in any appreciable percentage 
of the plants inoculated the vhnis must be introduced directly into the 
phloem. Clearly the introduction of virus into phloem by mechanical 
means is attended with difficulty. Needles that are available for 
introducing virus into plants are large enough to crush many cells, 
and it is probable that the phloem is so badly injured in the process 
of inoculation that the virus does not often become established. Even 
if needles sufficiently fine to penetrate the/ phloem without causing 
excessive injury were available,, they would probably still fall far short 
of the insect vector in effectiveness. Such a needle would necessarily 
caiT}^ the virus on the surface, where it would be exposed to the action 
of contents, of parenchyma cells and to depletion in the passage of the 
needle thi-oiigh tissue exterior to the bundle. Once ^the needle pene- 
trated the. phloem, a portion of the virus might be liberated. If tlie 
needle '.were , withdrawn, the phloem content, being under a positive 
pressure, , would, pass quickly into the cavity ^ that was left, probably 
carrying a part or all of the virus deposited in the phloem back into 
the region, of parenehyma. . . 

.The best available method of ., artificial inoculation ^ seems crude 
when compared with the refinements/introduced by the insect vector. 

. The' leaf, hopper^s.s.tylets are extremely slender and, seem to, find the 
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piiio«-]ri witli reiiia.rkable accurac}'. -is the stylets pass ^tliroiigii the 
pare!ieh yiria tons regions exterior to the phloem^ a protective sheath is 
laijl lancii wliieli may effectually exclude contents of siirroimdiiig cells. 
After rlie plikanii is piiiictiired the insect remains in a feeding position 
[or appreciable periods and may leave considerable deposits of sheath 
iriatcnial in the vascular area. As the stylets are removed the punc- 
is I'jrobably completely plugged by sheath material. 

Since Aims is introduced into the phloem directly by the leaf hopper, 
its movement to certain parts of the beet plant probably starts imiiie- 
diately and is very rapid. Probably the phloem of the growing point 
is invaded in a few hours and the entire phloem network of the plant 
is invaded in a few days. Evidence indicates that under some condi- 
tions the virus is closely restricted to the phloem, under other condi- 
tions it may escape into the intercellular spaces of the parenchyma. 
This is showii by the occurrence of drops of exudate having a higii 
virus content on the petioles of badty diseased beets. Esau (18) has 
sliown tliat this exudate moves from the vicinity of the phloem to the 
exterior of the petiole through the intercellular spaces. The causes 
of siicli movements are not clearly understood. 

Crafts (5) states that the phloem is normally under a positive pres- 
sure and siiggests that the cambiimi on one side and the starch sheath 
on the other limit lateral movement of phloem content. It is possible 
that pliloeiii necrosis and the presence of regenerative tissue may inter- 
fere with the inoveineiit of solutes and increase the pressure in the 
phloeiii of diseased beets. This increased pressure may be sufficient 
to force phloem content through the limiting layers into the inter- 
celhilar spaces of the parenchyma and to the surface of the petiole, or, 
as Esau has suggested, the presence of the virus may render the limiting 
layers niore permeable to phloem content. If the cells of the limiting 
layer are rendered more permeable it seems probable that there might 
be a seepage of virus from phloem tissue throughout the plant. If 
the virus is not extruded through breaks in the limiting layer it may 
pass through cells that are rendered more permeable. \^T.iether the 
virus is able to pass from the intercellular spaces into the cells of the 
pareneiiyma seems doubtful. The failure to obtain infection by 
introdiiciiig virus into parenchyma cells and the rapid inactivation of 
virus in expressed juice point to pareiiclnmia as being a very poor 
medium for wiis. The failure of leaf hoppers to acquire virus from 
any type of pareiichyma except that immediately below the crown and 
in one instance from parenchyma of the petiole indicates that the 
virus content of partmehyma is very low. The relatively small 
amoiiiit of virus obtained by leaf hoppers from expressed juice as 
eompiired to that obtained from pldoem exudate indicates that the 
juice is' low in virus content or that the leaf hoppers are much less 
efficient in acquiring virus from expressed juice than from, phloem 
exudate. 

The, weight of evidence seems to indicate that the virus content, of 
. parenchyma of beet is, very low. The rims present in parenchyma 
.may occu.r largely or exclusively in the intercellular spaces. 

It seems probable that the 'virus may be even more .closely restricted 
to the phloem in the two species of tobacco tested than in sugar beet. 
T,liis is indicated by results of experiments in wdiich the virus was. held 
in inoculated ^ parts in, plants in wMch its, further ' dispersal wms de- 
pendent upon its ability to pass through a small amount of parenchym- 
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atous tissue. In most instances tliis parenchymatous bridge was 
composed of only a few cells, as in plants in wliicli two rings, an in- 
ternal and an external, 1 inch apart, were placed in an internode. In 
plants having the internal ring above the external the virus would 
move down the stem in the external phloem 1 inch past the internal 
ring, thus affording an area equal to the linear distance between the 
rings multiplied by the circumference of the internal ring for inward 
movement of virus through the wood or medullary rays to the in- 
ternal phloem in wliich it could pass on down the stem. In plants 
having the positions of the two rings reversed the required movement 
would be from the internal to the external phloem through the wood 
or medullary rays. When it is considered that in these experiments 
active virus was held in the parts above the rings, in some instances 
for more than a year, with no leakage whatever of virus across the 
rings, the effectiveness of this barrier is apparent. To explain this 
phenomenon it is necessary again to assume that the virus does not 
pass out of the phloem or that it is very quickly inactivated by con- 
tact with normal cells of other tissues. 

The close association of the curly-top virus with phloem tissue may 
have an important hearing on the failure of beet seeds to transmit 
disease. Artschwager (1) has shown that in the development of the 
beet seed there is no direct vascular connection between the mother 
plant and the young sporophyte. Therefore, materials that enter 
the embryo must do so by diffusing through a layer of meristematic 
or parenchymatous tissue. Results of experiments showing a lack of 
movement of virus through meristem and parenchyma indicate that 
such a layer would offer a formidable barrier to passage of the virus 
into the embryo, and might easily account for the absence of seed 
transmission of this disease. 

Just how" far it is safe to venture in applying this principle to other 
virus diseases is difficult to say. It would seem to go far tow'ard 
explaining lack of seed transmission in all diseases in which the virus 
is restricted to the phloem.. It may be important for other virus 
diseases. Nelson (BO) has suggested such an explanation for the 
erratic transmission of bean mosaic. The virus of tins disease is not 
knowm to be restricted to the phloem. It occurs in onty a part of the 
seeds from diseased plants. In studying the development of the bean 
seed, Nelson found no direct vascular connection between the mother 
plant and the embryo. He suggests that the virus may be able to 
pass into the embryo through the nonvasciilar-contaiiimg layer only 
when this layer is in a meristematic stage of development. The 
failure of certain seeds to carry virus is accounted for by assuming an 
incomplete distribution of the virus in the phloem. Even with a 
complete virus invasion of the phloem, w^hich may seem more likely in 
plants growm from diseased seeds, it would seem reasonable to suppose 
that the passage of virus through meristem or parenchyma of tins 
type may he a hazardous one and successfully accomplished only 
under certain conditions. It is possible that the meristematic or 
parenchymatous layer of tissue separating the mother plant from the 
embryo may offer a structural or chemical barrier to virus passage 
even with such viruses as that: of ' tobacco : mosaic, which is known to 
occur in certain types of parenehymatous tissue. 

The rate of movement of virus in sugar-beet leaves is so rapid as to 
call for a consideration of the mechanics nf this phenomenon. Since it 
seems fairly obvious from data already presented that this movement 
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o<-‘cur> iii tiio |■)l!loem, the possibilities inherent in the solution of this 
prohieiii are all the more interesting. Under conditions of the greatest 
ineasiired rate of virus inovement in sugar beet (6 inches in 6 minutes) 
it seems safe to conclude that there is no appreciable multiplication 
of virus ill the plaiit in so short a timey and it would not seem that 
iiiiiltiplicatioii would be an appreciable accelerating force in move- 
iiieiiti That such inovement may result from any autonomous effort 
on the part of the virus particles''seems out of the question^ since tliis 
rate is several times greater than the most rapid movenient ^of^the 
swiftest moving iiiicro-organisms known. Simple diffusion is infi- 
iiitelj slower than the measured rate of virus movement. Diffusion 
accelerated hj protoplasmic streaming in the sieve tubes could ac- 
count for no rate approaching maximum movement. 

Certainly none of the foregoing theories will account for tliis_ rate 
of movement, regardless of whether virus is considered to be a living 
organized eiitit}^ or a chemical compound. In spite of these facts it is 
now pretty definitely known to plwsiologists that certain substances 
move ill phloem at a very rapid rate of speed. Mason and Maskell 
il9) calculate a rate of movement of sugars in the cotton plant equal 
to the rate of diflusion of molecules of that size in air. Crafts (lO), 
using figures derived from growth increase in pumpkin and cucumber 
over a stated period, estimates an average linear rate of movement 
of 0.292 and 0.235 cm per minute, respectively, of materials through the 
stem into the fruits. By cutting stems of cucumber and measuring 
phloem exudate, he found that a calculated rate of movement of phloem 
content varying between 3.64 and 8.62 cm per minute could be in- 
duced. Crafts (.9), in discussing food translocation, suggests that a 
mass movement of elaborated food materials takes place in the 
phloem. This mass movement he conceives as being dependent on 
the creation of a pressure gradient due normally to the increased 
osmotic pressure in the more active photosynthetic areas of the 
plant. This high osmotic pressure accelerates the intake of water, 
which in turn increases the hydrostatic pressure in the pMoem and 
causes phloem content to move to parts where the pressure is lower. 
In such a systeiii each compound would not move independently of 
other coinpoiinds as in simple diffusion, but would move at a rate 
approxiiiiatiiig that of the mass as a whole, assuming no selective 
interference in the path of movement. ■ 

Accepting this hypothesis of food translocation, we have available 
a hypothesis of virus movement which seems to satisfy all the known 
conditions of such nioyement. In a virus movement of 6 inches in 
■6 niiniites it seems unlikely, as stated previousl^q that virus increase 
would be an important factor under any conditions. Therefore virus 
concentration during the first few minutes after introduction is prob- 
ably very low, and the virus itself could not function to increase 
appreciably the osmotic concentration of materials at the point of 
introduction. However, if the hydrostatic pressure of the phloem 
at the point of virus introduction were already high because of an 
abundance of pliotosynthates, and these photosynthates were being 
transported at a very rapid rate, the introduced virus particles would 
be carried along at a rate corresponding to the rate of food flow, pro- 
vided of course' that mechanical interference were the same for each. 
Imder such conditions , the virus would move at the same rate and in 
the same direction as elaborated foods in the phloem and' woxild' in 
fact be an indicator of the rate and directioii of food translocation. 
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SUMMARY AND CONCLUSIONS 

Sugar-beet plants were induced by various treatments to take up 
juice of beets affected with curl}^ top through the water-conducting 
channels, but since none of the plants so treated becaiiie infected, it is 
evident that the curly-top virus does not pass from the tracheae into 
cells or tissues where it can become established and initiate pathologic 
symptoms. 

Several other methods of inoculation were tried with inocula pre- 
pared in different ways, but an appreciable percentage of infection 
was obtained only when tlie phloem exudate of a curly-top beet was 
used as the inoculum. 

The vector of the curly-top virus, Eutettvx tenelhis^ feeds on the leaf 
veins, and its mouth parts usually penetrate the phloem region. As 
the mouth parts are inserted the insect lays down a sheath of appar- 
ently gelatinous material which completely incases the stylets. This 
sheath may seal off all cells penetrated that are external to the phloem, 
and thereby protect the virus as it is passed into or drawn out of the 
phloem by the leaf hopper. 

^ The higher mortality rate in groups of leaf hoppers on parenchyma 
tissue, as compared with mortality in groups on tissue contaming 
vascular elements, indicates that parenchymatous tissue does not 
serve as a favorable source of food. However, leaf hoppers having 
access to parenchyma lived longer than those given neitlier food nor 
water, indicating that they extracted a certain amount of material 
from parenchyma. Leaf hoppers given access to parenchyma tissue 
of petioles and crowns and to pith and immature seeds, all from dis- 
eased and then caged in groups of 5 on healthy beet seedlings, 

infecteu only 10 of 428 plants. An equal number of insects from 
tissue containing vascular elements infected 210 of 428 plants. These 
results supplement other evidence supporting the view that virus is 
concentrated in the phloem and is present only in relatively small 
amounts in the parenchyma. Since in sugar beets affected with curly 
top, phloem content escapes into the intercellular spaces of paren- 
chyma tissue surrounding the vascular bundles, it is suspected that 
the virus recovered from the parenchyma may have been derived from 
escaped phloem content. 

The exudate occurring on the petioles and blades of beets affected 
by curly top and that from the cut surface of affected beets has a high 
virus content. Evidence indicates that the exudate that occurs 
naturally on the petioles and blades is derived largely from the phloem 
and that the exudate from the cut surface of the beet is derived from 
the phloem except as it may be contaminated by an imdetermined 
amount of material from the xylem and from injured cells mainly 
parenchymatous in nature. 

Healthy sugar-beet and tobacco plants^ were infected by grafting 
diseased plants on them. Beets were not infected vrhen union of the 
grafted plants did not result. In the grafted tobacco plants a definite 
union consisting of meristematic tissue was found after 3 days. In 
unions 7, 8, and 9 days old, tracheal elements were apparently mature 
and strands of elongated cells paralleling the tracheae probably 
included functional phloem. No infection resulted until the seventh 
day. Infection increased from 27 percent on the seventh day to 100 
percent', on the twelfth day. In view of the fact that the virus does 
not gain eff'Cctive entrance, through, tte tracheae and did not in these 
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experiments pass tliroixgii meristematic or pareiicliymatous tissue, it 
niiist liave passed, tlie graft union through the pliloem ele.meiits. 

Ringing experiments with Nieotiana iahacum and N. glauca showed, 
that tiie rirus passes ail rmgs . bridged by an iminterriipted path ot 
piiloeiii, iiiterna.1 or external or internal and external combined. The 
yinis .failed to nioTe past the rings when the internal and external 
pliloem were re.moved at the same level. Interruption of phloem 
co,iitiiiiiity by ii,!igs placed at different levels in an internode prevented 
the passage of virus in 20 of 27 N, iahacum pla.nts^and in 26 of 30 Ah 
glauca plants. Serial sections of the ringed area in all the plants in 
which the virus passed the rings showed in each case one or more 
areas of regenerated tissue connecting the internal and external phloe,m 
tliroiigli the woody cylinder. In view of these findings it seems prob- 
able that virus does not move longitudinally or radially through any 
of the normal elements of the wood.y cylinder and that dispersal in 
these two species of tobacco is dependent on the presence of con- 
tinuous phloem elements- 

The moveiiient of the curlA-top virus in tobacco is relatively slow 
as compared to tlie inoveinent in sugar beet. The fastest movement 
observed in tobacco was downward from the point of inoculation at 
the top of the plant to a point 24 inches below in 48 hours; a rate of 
movement of one half inch per hour, 

III sugar beet the virus moves at a much more rapid rate. At air 
temperatures of approxiniateh" 85°, 110"^; and 135° F. the virus 
moved outward in cotyledons from the point of inoculation a distance 
of 1 inch in 2 minutes. In larger beets the virus moved downward 
from the point of inoculation at the distal end of a leaf to a point 6 
inches below in 6 minutes, a rate of movement of 60 inches per hour. 
These rapid movements of virus emdently occur in the phloem and it 
is suggested that they indicate a rapid translocation of plant materials. 
For these reasons virus may prove useful as an indicator in studies on 
the movement of elaborated foods. 
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CHEMICAL COMPOSITION AND YIELD OF THE ALASKA 
PEA AS INFLUENCED BY CERTAIN FERTILIZERS AND 
BY THE STAGE OF DEVELOPMENT^ 

By Samuel L. Jodidi, ‘phi/siologist, and Victor R. Boswell, senior horiiculturist, 

Division of Fruit and Yegetahle Crops and Diseases, Bureau of Plant rndiisiry, 

United States Departmerd of Agriculture 

INTRODUCTION 

It is believed by many camiers and growers of peas foiytlie cannery 
that if potash in appreciable amounts is present in the fertilizer ap- 
plied to a- pea crop the peas will mature earlier and be harder, more 
starchy, and of lower quality at a given stage of developiiient tliaii 
if no potash or only a small amount is used. Boswell (3, 4) " con- 
ducted fertilizer experiments in tlmee different parts of Vlaiylaiid 
over a period of 3 years and used, among other materials, muriate of 
potash alone and in combination with nitrogen and pliosphoriis. 
All treatnients were duplicated each year. Although he made no 
chemical analyses of the peas, field observations led him to conclude 
(4, p. 352) that — 

Muriate of potash, alone or in combination with nitrogen and phosphorus, has 
given no consistent results with respect to yield, rate of maturity, or apparent 
condition of the crop at harvest. The opinion that potash hastens maturit}^ 
and lowers the quality of the crop has not been borne out in this work. 

Later Sayre and Ms associates (28) made exhaustive cliemical and 
physical examinations of peas grown under a great variety of fertilizer 
treatments in the field and in water cultures. They devoted special 
attention to the effect of potash upon rate of maturity and quality 
of peas. In their conclusions it is stated: '‘Tn spite of this wide 
variety of conditions, only minor differences in cpiality of peas of 
the same^ stage of growth have been obtained,” They further conclude: 
‘^Tlius far, the belief that potash has a harmful effect upon the 
quality of the crop appears to be ill-founded.”’ 

Earlier work of one of the present writers (4) indicated the desira- 
bility of determining by more accurate methods than had previously 
been used the effect of potash and other fertilizer constituents upon 
the development of the pea as indicated by its chemical composition. 
Nitrogen fertilizers appeared to be of special interest, since earlier 
observations had suggested that a generous use of available nitrogen 
tends to delay maturity and to improve the quality of the pea. 
Accordingly, studies were made to determine the effect of certain 
fertilizers and of the stage of development on the composition and 
yield of peas. 

, GROWING AND HANDLING EXPERIMENTAL MATERIAL ' 

FIELD-PLOT METHODS 

The Alaska variety ' of pea. (Pisum satimm L.) was used in these 
studies. Work, was carried on at the Arlington Experiment Farm, 

1 Received for pabiic^Uott Dec. 27, 1933; issued June 1934. 

2 Reference is made by auiaber (italic) to Literature Cited,, p.' 735. 
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En>>iy]i, Va., in 1930 and 1931. All treatments were in duplicate, 
ami consisted of an application of a single fertilizer constituent. 
The treatments and rates of application per acre were as follows: 

N. — -Nitrate of soda 400 pounds and sulphate of ammonia 280 pounds 
1 about 116 pounds of nitrogen). 

P. — Superphosphate 1,000 pounds (about 160 pounds of phosphoric acid). 

K. — Muriate of potash 300 pounds (about 144 pounds of potash), 

C.— Check; no treatment. 

Tiie quantities of fertilizers used per acre were in excess of those 
employed in growing peas for the cannery, the object being to produce 
measurable difFereiices in the composition of the products. In order 
to overcome ay far as possible any definite gradient in soil conditions 
that niiglit exist, the eight plots were arranged a.s follows: 


Potash 

Check 

Phosphorus 

Nitrogen 

Check 

Phosphorus 

Nitrogen 

Potash 


The fertilizing niaterials were applied by hand after the soil had 
been plowed and disked once. They were then worked in by further 
disking and harrowing, care being taken to avoid dragging soil from 
one plot to another. The peas w^ere sown with a garden drill at a 
depth of 1 to 1 % inches. 

Ill 1930 the plots were located on a inoderatel}' fertile area of 
artificial land which had been dredged from the Potomac Eiver and 
which was apparently of a silt-loam character. Each plot was 53 by 
33 feet. The rows were 14 inches apart, sown at the rate of approxi- 
mately 4 bushels of seed per acre. A border of 1 row along the 
sides and a width of 1 foot at the ends of each plot \vas left unharvested. 
In 1931 the same plots and treatments were used as in 1930. One 
tier of 4 plots was sown in rows 7 inches apart, at the rate of 4 
bushels of seed per acre; the other tier Avas sown in 14-inch rows, at 
the rate of 2 bushels per acre. In 1930 the fertilizers were applied 
and seed sown on Alarch 18, and the peas were harvested on May 28 
and on June 2, In 1931 the plots were fertilized and sown on April 10 
and the. peas harvested on June 6 and June 10. 

HARVESTING, GRADING, AND DRYING 

111 both 1930 and 1931 a power-driven pea hiiller, a hand-driven 
pader, and a specially constructed drier not only permitted the use of 
large and adequate samples but also very greatly reduced the time 
frcmi, haryest to complete dryness of the material^^ 

^The. drier consisted of an asbestos-board cabinet 6 feet. high, 4^ feet 
wide, and 2)4 feet deep, inside measurement, with the entire iront 
made of double doors which opened at the center. The outside was 
cm\eied \ritli a, one half inch layer. of builders^ insulating material, 
l eii shtpow trays, 4 feet long and 2)4 feet wide rested upon horizontal 
iron-rod supports. The bottoms of the trays were of 8-mesh hard- 
ware doth. Each tray was supported by three three-eighth inch rods 
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vAiiicti pre'verited the sagging of the center of the large sereen-udre 
bottom. There was a i^inch ''head space’’, between trays. The 
opposite ends of alternate trays were planed against the side walls 
when the drier was in operation, thus forcing the hot air to travel over 
each tray that carried material to be dried. 

Iininediateh^ to one side of the cabinet and connected with it by an 
opening near the base were two low-form, five-colimin, coiiiriioii 
steam radiators each of 50 square feet radiation. Over these radiators, 
which were enclosed in an asbestos-board housing, a strong current 
of air was forced by a eentrifugal blower of a capacity of 1,500 cubic 
feet per minute driven by a three-horsepower electric motor. With 
a steam pressure of 15 pounds per square inch in the radiators, a 
temperature of 60° to 65° C. could be maintained in the cabinet 
dining the drying of a considerable mass of plant material. In the 
brief period of 3 to 4 hours 25 to 30 pounds of peas were dried to such 
a degree that they rattled when handled. The material to be dried 
had to be spread very thinly and uniformly on the trays and moved 
carefully about from time to time to obtain satisfactoiy results. 

At each harvest date the peas, from one half of each plot were 
gathered ; all pods were removed from all plants scheduled for harvest 
on that date. The duplicate or second series of plots was harvested 
in reverse order to the first, since all plots could not be harvested 
simiiltaneously. In most instances the samples of shelled, peas were 
placed ill the drier within 3 to 4 hours after the pods were harvested. 

FIELD RESULTS 

YIELD 

The yield data are of secondary importance, since the treatments 
were made for a specific purpose other than for increasing yields and 
were of a character that ordinarily would not be recommended in 
field practice. However, the afield data, presented in table 1, indicate 
t.he growth relationships due to the various treatments and the 
general level of nutritional conditions under which the studies were 
made. Iii.diYidual plots of the duplicate treatments are designated 
A and B. 

Even though small differences appear between the total yields of 
fresh shelled peas from the various treatments in 1930 and 1931, they 
are of no significance, for the differences between duplicates are m 
general greater than between treatments. The absence of material 
differences m ^deld is ,not what one might expect but possibly niay be, 
accounted for in part by (1) the Mgh fertility' of the soil to,,wl.iich 
treatments were applied, and (2) by injury from, excessive anioimts 
of, readily soluble nutrient salts. The latter siig.gestion carries ..little 
weight because .no definitely injurious .effects were noted except in 
the nitrogen-treated plots of 1930 . Furthermore, in market-garden 
areas .peas are heavily fertilized without injury. A late fro.st .in, 1930.. 
iiij iired the nitrogen-treated plots nather severely, but the others were 
not appreciably harmed. Further e\ddence of the lack of fertilizer 
injury was afforded by yields of similar plots in 1931. Germination 
of the pea is^known to be adversely affected by excessive concentra- 
tions of fertilizer salts, but no damage was.noted in. any of these plots. 
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Table 1.— Yield per acre of shelled peas (fresh weight) as affected hy potash j phos- 
phoric acid, and nitrogen in 19SO and 1931 

1930 CROP 


Harvest and grade no. 


Harvest of ^^lay 28: 
1 : 


4 

5 - 

.All grades 

Average, .A and B, 

Harvest of June 2; 

1 


4. 


a 

All grades. 


Average, .A and B 


Harvest of June 6; 
1 - 


3. 


4-. 

Ail grades 

Average, A and B. 

Harvest of June 10: 

1 -. ■ 


3. 


4.---..— 

0, 

All grades..-,...-.- 

Average, A .and B,. 


\ Plot 

i 

1 Yield from treatment indicated 

Cheek 

Potash 

Phos- 

phoric 

acid 

Nitrogen 


P&uJids 

Pounds 

Pounds 

Pounds 

IfA 

98 

158 

167 1 

51 

as 

118 

112 

179 1 

135 

IfA 

182 

146 

218 

79 

ilB 

236 

292 

250 

109 

IfA. 

149 

58 

195 

103 

iB 

136 

374 

213 

73 

ifA 

39 


48 

19 

JB 

30 

68 

41 

31 

JA . - 



12 

24 

iB 


! 



ifA. - ^ 

468 

362 

640 

276 

'IB.... 

520 

846 

683 

348 

I 

494 ^ 

! 604 

662 

312 

!fA — 1 

85 

' 75 

86 

71 

llB 

75 

i 99 

74 

37 

ijA - ; 

185 

i 168 

144 

80 

jlB..,- i 

140 

i 212 

141 

120 

IfA.. 

313 

234 

601 

391 

KB - 

434 

352 

! 573 

155 

IfA — - 

401 

154 

321 

196 

- 

185 

328 

567 

173 


1 145 

80 

68 



112 

136 



I/A-.— 

i 1, 129 

711 

1,220 

738 

ilB.. 

1 946 

1,127 

1, 355 

485 


1 1,038 

919 

1, 288 

612 


1931 CROP 


If A. 
-|IB. 
fA. 

i/A. 

-|IB. 

-IlH 


IfA. 

IB. 

{b! 

li; 

%: 


104 

164 

215 

122 

128 

176 

202 

104 

261 

287 

352 

289 

303 

512 

444 

303 

234 

157 

192 

265 

257 

396 

289 

208 

63 

22 

35 

99 

40 

84 

42 

36 

662 

630 

794 

775 

728 

1 1,168 

977 

651 

695 

899 

886 

713 

127 

137 

198 

105 

320 

212 

351 

260 

402 

382 

414 

316 

761 

646 

928 

626 

678 

558 

934 

592 

943 

1, 166 

994 

882 

542 1 

462 i 

724 

580 

383 1 

700 I 

352 

358 

17 

19 

57 

28 


22 

8 

12 

1, 766 

1,558 

2, 327 

1, 621 

2, 407 

2, 746 

2,633 

2, 138 

2, 087 

2,152 

2,480 

1, 880 
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In 1930 pliosplioric acid produced a., definite increase in yield. In 
1931 tiie same plot with the same phosphorus treatment also showed 
an increase of appreciable magnitude (table 1). 

It should be borne in mind that these increases in yield were 
obtained on a soil, dredged from the river. In past years it had received 
moderate applications of manure and green manure and may have 
been .relatively low in phosphorus. Other field experiments in nearby 
Maryland have not shown phosphorus to be markedly effective in 
i.ncreasing the yield of peas. As previously explained, the low ^ieid 
of the nitrogen plot in 1930 is believed to liave been due to frost 
injiir}^ while the peas were in an early stage of growth. In 1931 
nitrogen and potash applications resulted in no significant differences 
ill yield. 

MATURITY 

111 this investigation the possible effect of nutrients iipo.n rate of 
development and -properties of the peas is of more interest tha.n the 
effect upo.n yield. 

In this work the rate of development or stage of maturity has been 
judged on the basis of distribution of sizes of peas in the pods. This 
is the basis used by camiers' field men in determining when a field 
has attained the proper stage for harvesting. In order to reduce the 
expression of maturity to a single numerical value, the percentage of 
the yield of a plot constituted by each grade was multiplied by an 
arbitrary weighting, for convenience, equal to the standard grade 
number. The sum of these products of a single harvest is designated 
as a “’maturity index” (4)- Sayre and Ms associates (0) have 
suggested, since the present work was begun, that as an index to 
quality this mat urity index is less reliable than theii* “ quality index. ” 

The latter is calculated by summing the products obtained in 
multiplying the percentage oi yield constituting each grade by the 
numerical value of the crushing test for that grade. However, since 
stage of development is commonly judged by distribution of sizes, 
and since tMs work was designed to study the pea as generally handled 
in field practice, the above-described maturity index is believed to be 
better adapted to the present investigation. 

Table 2 shows the distribution of sizes of shelled peas of each harvest 
from each plot as weU as the maturity indices for each plot and for 
the total yield of duplicate plots of each treatment. No appreciable 
consistent differences in maturity resulted from the treatments. The 
same was true when adjacent different treatments were compared in 
the field. In one comparison the difference was in favor of one plot, 
and, more often than not, the relationsMp was reversed in the second 
comparison. Wlien the .indices for the total plot area of each treat- 
ment are, compared, they are found to be quite similar for any one 
ha.rvest date. ... 

There was no evident difference in the time of blossoming . of . the 
plants in any of the several plots. .Thus, earlier observations, in the 
field, and the .reports of other investigators (4,' fS), appear to be 
confirmed under additional and. quite different conditions' as reported 
in this paper; , 
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Table 2 .-—l 7 ifluerice of poiashf phosphoric acid, arid nitrogen upon stage of 
maturity of peas at harvest in 19SO and 1931 

1930 CEOP 


Harvest and grade no. 


Plot 


Yield from treatment indicated 


Harvest of .^May 2S: 

1 and smaller 


Maturity index.. 


Maturity index of total A and B.. 
Harvest of June 2; 

1 and smaller 


Ib: 

{i; 

.(b; 

iIb: 

!fA- 

i\B. 


A-, 

3- 

fA. 

IB- 




Maturity index ||g * 


Maturity index of total A and B.. 


Check 

Potash 

Phos- 

phoric 

acid 

Nitrogen 

Percent 

Percent 

Percent 

Percent 

20 . 98 

43. 7(3 

26. Cl 

18. 37 

22.70 

13. 20 

26. 20 

38.80 

38. 88 

40. 35 

34. 11 

28. 55 

45. 29 

34. 48 

36. 60 

31,40 

31. 79 

15. 93 

30. 50 

37. 52 

26. 20 

44.24 

31. 20 

21.06 

8.36 


7. 48 

6. 98 

5.80 

8. 07 

5. 97 

8. 74 



1,89 

8. 68 

228 

172 

216 

259 

215 

247 

217 

200 

I 221 

225 ! 

221 

1 226 

7.50 

10.54 ^ 

7.04 

9.63 

7.99 

8.78 

5. 44 

1 7.61 

16.42 

; 23.63 , 

11.78 

i 10. 81 

14.80 

1 18.81 

10.43 

' 24. 75 

27. 72 

32. 92 

49. 35 

53.00 

45. So i 

31. 20 i 

42. 27 

31. 90 

35.53 

; 21. 69 ! 

26. 30 

26. 56 

; 19. 57 1 

! 29. 08 

41. 85 

35. 76 

12. 81 ! 

11.23 

5. 55 

! 

11.83 

12.09 



330 

300 

312 

293 

313 

317 

321 

296 

322 

310 

! 316 

296 


1931 CEOP 


Harvest of June 6: 

1 - 

2 ' 

3 - 

4 

Maturity inde-x 

Maturity inde.x of total A and B. 
Harvest of June 10: 

. 1 - 

„ 2 _.-. - .... 

■ 3 

A' 

5 ._. 

Maturity index. - 

, Matwity. index of total A and B. 


fA 

15.71 

26. 02 

27.08 

15. 74 

IB 

17.59 

15.08 

20.67 

15. 97 

fA 

39.42 

45.56 

44. 33 

37. 30 

IB 

41. 60 

43. 82 

45. 44 

46. 55 

lA 

35. 36 

24. 92 

24. 19 

34. 20 



35.30 

33.90 

29. 51 

31. 94 

/A 

9. 52 

3.49 

4. 41 

12.76 

\B 

5.49 

7. 19 

4.30 

5.53 

fA 

239 

206 

206 

244 

IB 

229 

233 

217 

227 


233 

224 

212 

236 

fA-, — — 

7. 19 

8.79 1 

8. 52 

6.48 

IB — 

13.30 

7. 72 ! 

13.33 

12. 15 

(A 

22, 75 

24.51 

17.82 

19. 49 

IB 

31. 61 

23. 52 

35.23 

29.28 

fA - 

38.40 

35.82 

40.05 

36. 51 

IB..— 

39.20 

42.48 

37. 72 

41.26 

/A — 

30. 69 

29.67 

31. 15 

35.78 

IB.,.. 

15.90 

25.49 

13.37 

16.74 

)A.. 

.96 

1.20 

2.45 

1, 73 

IB......-.- 

.00 

. 80 

.34 

.69 

/A 

295 

290 

301 

307 

tB,..— — . 

'258 

. ,288,, 

, 262, 

264 


274 

1 

289 

^■"275 

283 
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PHYSIOLOGICAL STUDIES 

Chemical analyses in connection with studies similar to those herein 
recorded have often been reported and discussed on the basis of oven- 
dry matter. Such a method of presentation has its proper applications^ 
but alone would not be suitable here for the following reasons: (1) 
The study was designed to show the development and composition of 
fresh peas in x’esponse to certain field practices, therefore the results 
iiiust be considered as they apply to fresh material; (2) peas grown in 
the garden or for the cannery are consumed on the fresh-weight basis, 
i.e., in the moisture-containing condition, so their composition as 
affecting nutritional value should be expressed on that basis ; and (3) 
the results of this work when expressed on the diy- weight basis lead to 
conclusions for the most part opposite to, or quite different from, 
those reached when analyses are expressed on the fresh-weight basis. 
Consequently, analytical data are presented on both a fresh- and a 
dry-weight basis, but are discussed mainly on the fresh-weight basis. 
Certain facts are revealed which heretofore have not been plainly 
evident from the work of others who have reported their results on 
the basis of oven-dry matter only. 

DRY MATTER 

After the peas had been harvested, weighed, shelled, and graded, 
they were subjected to preliminary drying at 60^ to 65° C. for 24 
hours in the specially designed forced-draft drying apparatus already 
described. After drying, the samples were left for a few days in a 
dry room with access to the air, before they were weighed. This was 
done to reduce errors that might arise from the absorption of moisture 
during subsequent handling and grinding. The samples were ground 
to pass a 40-mesh sieve, and stored in tightly stoppered bottles until 
analyzed. The moisture content of the air-dry samples that had 
been dried in a preliminary way in the forced-draft apparatiis was 
determined by drying them in an electric oven at a temperature of 
103° to 105°, until constant weight was obtained. The results are 
recorded in table 3. 

Table 3 shows that the percentage differences in the dry-mal ter 
content of pea samples grown in differently treated plots are imig- 
nificant, being mostly smaller than the percentage differences betwo?n 
samples from duplicate plots. For instance, the mean dry-maUer 
percentages of grade 2, 3, and 4 peas from the untreated plot shown 
by samples 1, 3, and 5 and their duplicate samples 2, 4, and 6 are 
22.37 and 22.87, respectively, making a difference of 0.50 percent. 
On the other hand, the difference between the dry-matter content of 
samples 2, 4, and 6 from the xmtreated plot (22.87) and from the 
potash-treated plot (23.14) is only 0.27 percent, 
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Table Pfn\nt(ige of oven-dnj matter in the Alaska pea as affected hy different 
jfrUIiRersi determined on the basis of fresh weight, 1980 and 1931 

1930 CROP 


Dry matter from treatment indicated 


Harvest and sample 
no. 

Grade 

no. 

. 

Plot 

Check 

Potash 

Phos- 

phoric 

acid 

Nitrogen 

Harvest; of ilay 2S: 



Percent 

Percent 

Percent 

Percent 

1 

2 

A 

20.46 

21.06 

20. 73 

20.68 

‘I 


B - 

21. 03 

21.05 

21.34 

21.03 



Average 

20.74 

21. 05 

21.03 

20.85 


3 

A 

22.73 

23. 56 

22. 30 

21. 74 

4 

3 

B 

23.48 

23. 21 

23.34 

22. 84 



Average 

23. 10 

23. 38 

22.82 

22.29 

fj 

4 

A - 

23. 92 


23. 97 

22.78 

fi 

4 

B.-.. - 

24. 10 

25. 16 

25. 19 

23. 63 



Average 

24. 01 

25. 16 

24.58 

23. 20 



Average (1-^) 

22. 62 

22. 81 

22. 81 

22. 11 

Harvest of June 2: 

*> i 






7 


A._. - 

23.78 

24. 48 

25. 17 

22. 81 

■R 

2 

B - 

24.90 

24. 44 

25. 69 

24. 84 



Average 

24.34 

i 24. 46 

25.43 ! 

23. 82 

9 ,1 

3 

A - - 

27.70 

1 27. 76 

27.88 

25. 25 

Ifi i 

i 3 

B 

28. 45 

I 28. 03 

29.08 j 

28. 47 



Average 

1 28.07 

I 27, 89 

28. 48 

26. 86 

II 

i 4 ^ 

A 

1 29.41 

1 29.53 

30. 27 

29. 33 

12 

1 4 ^ 

B 

I 31. 17 

I 29. 92 

31. 39 

1 29. 76 


1 

1 Average 

30. 29 

1 29. 72 i 

30. 83 

' 29. 54 



Average (7-12) 

! 27. 57 

j 27. 36 i 

28. 25 

: 26. 74 



i Average (1-12)., 

: 

1 25.09 

i 

• 25. 30 

25. 53 

24. 43 


1931 CROP 


Harvest of June 10: , ! 
13 ^ 

2 

2 

3 

3 

1 

j 

4 ; 
4 

1 

1 

A -,J 

20.15 
21.01 1 

20.08 
'21.20 1 


! 

! 20. 94 

I 20. 96 

14 - i 

B 


15 

■ ■ 1 

Average i 

A - 


20.58 

20.64 


20.95 

24.89 ; 
25.30 

24.81 

26.05 


25. 57 
25. 21 

16 ' 

B, 


47- 

Average : 

A - , , , 


25.10 

25.43 


' 25.39 

28.57 

27.64 

28. 11 
28.66 


28.83 
29. 37 

1S_ 1 

B - 

1 


Average ; 

Average (13-18) 


28. 11 
24. 59 

28.39 

24.82 

' ' '! 

29.10 

25.15 


ASH CONTENT 


The ashing of the pea samples was effected in an electric iunffle at 
a dMl red heMr, ^iBitil ^ weight ’was obtained. The ash was 

white and flnffj. In no case was trickling allowed to occur. The 
percentages of ash in the various pea samples are recorded in table 4. 
In view of the importance of the ash content in foodstuffs the 
following regularities are pointed out. ■ 

The ash content was greater in the riper large-sized peas than in 
the unripe small-sized peas from both the 1930 and 1931 crops, 
although it. did not increase in proportion to the dry matt err This 
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- was true of all samples from a single' plot at o'ne haryest with but one 
exception. Another regular trend revealed by the ash results is that 
without exception peas of the same grade from the same plot but 
harvested later had a larger ash content than those harvested earlier. 
This increase in ash in the later harvested peas is most closely asso- 
ciated with increase in total dry matter; however, on the dry- weight- 
basis the ash content ordinarily decreases with the size and age of the 
peas. It seems reasonable to ascribe this decrease to the fact that 
as the growth of the peas progresses the proportions of organic reserve 
substances such as carbohydrates and proteins increase more rapidly 
than the proportions of ash from the soil. 


Table 4. — Percentage of total ash in the Alaska pea as affected by different fertilisers; 
determined on the basis of fresh and oven-dry weighty 1930 and 19$1 


mo CROP, FRESH WEIOHT 


Harvest and sample 
no. 

Grade 

no. 

Plot 

Ash from treatment indicated ■ 

Check 

Potash 

Phos- 

phoric 

acid 

Nitrogen 

Harvest of May 28: 



Percent 

Percent 

Percent 

Percent 

1 

t) 

A 

0.771 

0. 811 

0. 771 

0. 781 

9 

9 

B 

.751 

. 816 

.785 

.776 



Average 

.761 

..813 

.778 

.778 

3 

S 

A 

.816 

.841 

.800 

.787 

4- 

3 

B — 

.794 

.850 

.822 

.827 



Average. 

.805 

.845 

.811 

.807 

5 

4 

A 

-854 


.851 

.793 

6 

4 

B 

.816 

.900 


,827 



Average 

,835 

.900 

.866 

■ . 810 



Average (1-6) 

.800 

. 844 

.818 

.798 

Harvest of June 2: 







7 

2 ' 

A- * 

.855 

.862 

.825 

.840 

8-.. 

2 

B — 

.859 

.932 

,860 

. 832 



Average. 

.857 : 

.897 

.842 

.836 

9 

3 

A i 

. 942 1 

.922 

.911 

.883 

10 

3 

B — 1 

. 934 i 

1.026 

.922 

.922 



j 

Average. - 

i 

.938 

.974 

.916 

,902 

11 

4 

A ^ 

.^2 1 

. 978 

.962 

'.997 

12 

4 

B ; 

. 992 

1. 069 

. W 

. 955 



Average 

.987 : 

1.023 

.974 

'.976' 



Average (7-12) 

.927 i 

.965 

.fill 

.90S 



A verage 0-12} .... 

.863 i 

. 91Q 

,m 

.:851 


Harvest of iaoe 10: 
13 

14- - 


15. 

-16. 


17. 

18. 


mi CROP, FRESH WEIGHT 


2 

A 

0.915 

0. 915 

2 

B „ 

.907 

.906 


Average,,--. 

.911 

.fill 

3 

A A- , 

1,016 

.«7 

3 

B 

,986 

,978 


Average.,., . 

1.001 

.983 

4 , 

A ' 

1. 110 i 

1.074 

4 1 

B.„., 

i.m ‘ 

1.047 

1 

.Average.— 

1.075 ' 

1,061 


■ AvTOge (lS-18)--— 

.995 

.m 


1 

■i 

i 


0.® 

.969 


.941 


1.026 

1.024 


1.025 


1. 167 


I.IM 
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Tabll i.—Ptrrenkig-e of total ash in the Alaska pea as affected by different fertilizers; 

on the basis of fresh and of oven-dry weight, 1930 and 1981 — Contd. 

1930 CROP, OVENDRY WEIGHT 


Ash from treatment indicated 


Harvest and sample 
no. 

Grade 

no. 

Plot no. 

Check 

Potash 

Plios- 

pboric 

acid 

Nitrogen 

Harvest of Mav 28; 



Percent 

Percent 

Percent 

Percent 

1 .. , ' . 

2 

A 

3. 77 

3. 85 

3. 72 

3. 78 


2 

B 

3. 57 

3.88 

3. 68 

3. 69 



Average 

3.67 

3.87 

3. 70 

3.74 


3 

\ 

3. 59 

3.57 

3. 59 

3. 62 

4 

3 

B 

3.38 

3.66 

3.52 

3,62 



Average-- 

3. 49 

3. 62 

3. 56 

,3. 62 

" 

4 

A . - 

3, 57 


3. 55 

3. 48 

6 - . 

4 



3.37 

3. 58 

3, 50 

3.50 



A verage. 

3. 47 

3. 58 

3. 53 

3. 49 



Average! 1-6 j — 

i 3. 54 

3.71 

3. 59 

3. 62 

Harvest of June 2: 







7 

1 2 

1 A 

3.60 

j 3. 52 

3.28 1 

3. 68 

S .. „ , . - 

! 2 

i B 

3.45 

3.81 

3. 35 1 

3.35 



! Average.- 

3.53 

3.67 

3.32 

3. 52 

.9 

3 


3.40 

3. 32 

3.27 ! 

3. 50 

10 ... 

! 3 

! B... - 

3. 28 

3.66 

3.17 

3. 24 


! 

1 Average 

3. 34 

3. 49 

.. 

3.22 

3.37 

11 

i 4 

A - 

3. 34 

3.31 

3. 18 

3. 40 

12 - . . 

4 

B - 

3. 18 

3. 57 

3. 14 

3. 21 



Average - 

3. 26 

3.44 

3. 16 

3.31 



Average (7-12) 

3. 38 

3.53 

3. 23 

3.40 



Average (1-12) 

3. 46 

3. 61 

3.41 

3. 51 


1931 CROP, OVEN-DRY WEIGHT 



The difference between the ash content of peas grown in fertilized 
and unfertilized soil is rather insignilicant, in most instances being 
about equal to, or even less than, the difference in the ash content of 
peas grown in duplicate plots. The differences in mean ash content 
of the phosphorus- or nitrogen-treated lots as compared with the 
untreated ones are certainly insignificant. It appears, however, that 
the potash-treated plots harvested May 28, 1930, showed a significant 
but small increase over the checks. In the harvests of June 2, 1930, 
and June 10, 1931, when the peas were at the stage usually harvested 
for the cannery, this difference was less striking and, indeed, was of 



Apr. 15, 1934 


Chemical Composition and Yield of the Alaska Pea 713 


doubtful consequence. The mean ash content of the samples from 
the phosphorus- and nitrogen-treated plots of this latter haryest are 
in reiiiarkabty close agreement with the check. 

For the qualitat:iye examination of the ash a few grams of the .peas, 
grade 3, which were groyii in soil not treated with fertilizer (table 4, 
110 . 3, fresh-weight basis) were ashed in an electric muffle oven. The 
ash obtained was partly insoluble in cold and hot water but dissolved 
readih’ with the addition of a few drops of hydrochloric, nitric, 
sulphuric, or phosphoric acid. The ash was found to contain the 
following elements: .Aluminum (large amount); iron, both ferric and 
ferrous (very little); calcium, magnesium, potassium (large amount); 
sodium (trace); the acids sulphuric, phosphoric (large ainoimt), and 
hydrochloric (trace). 

ETHER EXTRACT 

Ordinarily 5- or 10-g portions of the finely ground peas were dried 
in an oven at 100° C. for 1 hour, after which they were transferred to 
fat-free paper thimbles and covered with fat-free cotton. The 
thimbles were than placed in the Soxhlet extraction apparatus, in 
which the substance was extracted with anhydrous ether for 5 hours ; 
the ether was then driven off, the residue in the previously weighed 
extraction flask dried at 100° for 1 to 2 hours, cooled, and weighed. 

Table o. — Percentage of ether-soluble substances in the Alaska pea as afected by 
different fertilizers; determined the basis of fresh and of oven-dry weight 

1930 CROP, FRESH WEIGHT 


! Ether 'Soluble substances from treatment 
j indicated 


Sample no. 

vjrraue 

no. 

Plot 

Check 

Potash 

Phos- 

phoric 

acid 

Nitrogen 

Harvest of May 28: 



Perctnt 

Percent 

Percent 

Percent 

1 

2 

A, 

0. 344 

0. 41 1 

0. 346 

0. 372 

9 

2 

B 

.318 

.440 

.414 

- 385 



Average 

.331 

.425 

. .380 

.378 

3 

3 

A .. 

.382 

.. 396 

.370 

.348 

4 

3 

B .. 

. 385 

, 427 

. 387 

,375 



Average 

.'Mi 

. 411 

.378 

. 361 

5 

4 

A--..., ■ 

.:b5 


.347 

.369 

6 ---.- 

4 

B 

. 349 

.433 

.347 

■'.35t 



Average 

. 34:2 

.433 

. 347 

■ .364 



Average (1-6)--. d.. 

.352 ; 

.421 . 

. 368 

1 ■■ , 368 

Harvest of June 2: 




1 — - 


1 

7 

2 

A — — 

■ . 378 ' 

. 392 

! .373 

! . .mi 

8 - ' 

' 2 

B.. i 

. 428 : 

.. 411. 

i . 3^3 

. 405 



A.\^rage 1 

1 

'.403 : 

.'401 

1 .378 

1 

• . 394 


3 

A i 

. 421 

.419 

.398 

..381' 



do 

3 

B. .--1 

. 435 

.4®) 

. 419 

, 407 



Average- — J 

^ . .. 428. : 

. .43§ ; 

. .408. 

i ■ 

i . ■ '.,394.. 

■ 11 d, - 

4 

A-, — --—- — i 

.424 

.446 

.412 

1 .423 

12 

' 4 

B-— — . — ■ 

.436 

1 . 4tl4 

.424 ' 

i . 432 



■ Average—-———- 

.430 

.455 

.418 

.427 



A verage (M2) i 

■ ■ ' . 420 

.432 

.401 

1 . 405 

■ ."i 


. ■ . Average Cl-12) 

. . .386 

,427 

.384 

j .m 

1 . ■ 


6557§— 3#~ — -4 
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Table — Percefitage of ether-sohible substances in the Alaska pea as affected by 
d f edi! i :^ers : defennined on the basis of fresh and of oven-dry weight — Con. 

1931 CROP, FRESH WEIGHT 


Ether-soluble substances from treatment 
indicated 


Sample no. 

Grade 

no. 

Plot 

Check 

Potash 

Phos- 

phoric 

acid 

Nitrogen 

Harvest of June 10; 

13 

2 

2 

3 

3 

! 4 

I ^ 

A 

Percent 

0. 388 
.395 

Percent 

0. 361 
.368 

Percent 

Percent 

0. 346 
.333 

14 

B, 


l.=> 

Average 

1 A -- 


.392 

.365 


.340 

,469 

.433 

. 410 

1 .392 


.405 

.375 

10 

S B 


17 

1 Average 


.451 

1 .401 


.390 

i A - - 

.493 
.476 : 

.464 

.472 


.458 

.459 

W 

1 B - 



) Average - 

1 Average (13-18) 


.485 
.442 : 

.468 

.411 


.459 

.396 


1930 CROP, OVEN-DRY WEIGHT 


Harvest of May 28; < 







1 „ , L , i 

‘7 

A - 

1,68 

1. 95 

1.67 

1.80 

9. i 

2 

B - 

1.51 

2. 09 

1.94 

1. 83 



Average— 

1.60 

2.02 

1.81 

1.82 

3 . 

3 

A. - - 

1.68 

1.68 

1.66 

1.60 

4 , 

3 

B. ... - 

1. 64 

1.84 

1. 66 

1. 64 



Average 

1.66 

1.76 

1.66 

1.62 

5 _ . ... 

4 

A 

1.40 


1.45 

1. 62 

6 

4 

B — - 

1.45 

1. 72 

1.38 

1.52 



Average 

1.43 

1.72 

1.42 

1.67 



Average (1-6) 

1.56 

1.86 

1.63 

1, 67 

Harvest of June 2: 







7 1 

2 

A - - 

1. 59 

1.60 

1.48 

1.68 

8 .. 

2 

B 

1. 72 

1.68 

1.49 

1. 63 



Average- 

1.66 

1.64 

1.49 

1.66 

9 

3 

A - 

1. 52 

1.49 

1.43 

1, 51 

10.. 

3 

B ' 

1. 53 

1.64 

1.44 

1. 43 



Average— 

1.53 

1.57 

1.44 

1.47 


4 

A 

1. 44 

1.51 

1. 36 

1. 44 



12 ...—.., 

4 

B - 

1 . 40 

1,55 

1 35 

1. 45 


1 

i 

Average.---—- 

1. 42 

1.53 

1. 36 

1. 45 


j 

Average (7-12).. 

1. 53 

1.58 

1. 43 

1. 62 



Average (1-12) 

1.55 

1.70 

1.53 

1.60 


mi CROP, OVEN-DRY WEIGHT 


Harvest of June 10; 

■: 13------ 

2'' 

2 

3 

‘3, 

j " '4; 

i .A"! 

j 

A - — — 

1.81 

1.77 

1. 66 
1.63 


1.55 

1.50 

. 14-: - ' 

B - . 


35.- — .,-- 

Average 

A, 


1. 79 

1. 65 


1.53 

1.76 

1.62 

1.56 

1.43 


1.50 

1.42 

■ 16— — 

B ■ , 


17-' — - ' 

Average 

A — — ■ ■ ■- 


1. 69 

1. 50 


1. 46 

1.64 

1.62 

‘ ' ■ . i.m 

1.56 


1.50 

1.50 

IS - ' i 

B-. — - 


' '1 

. . ' i 

Average—- 

Average (13-18) 


1. 63 
1.70 

1.56 

1. 57 


1, SO 
1. 50 
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By reference to table 5 it be seen that, in the early stages of 
development, the percentages of the fat (ether extract) determined on 
the fresli-weiglit basis show no consistent relation to the grades (sizes) 
of the pea samples. This is probably due to differences in maturity of 
peas even of the same size in different plots. In the harvest of June 2, 

1930, the larger sizes show, with one exception, a higher fat content 
than the next lower size. The same is true of the harvest of June 10, 

1931. These differences are often quite small and of doubtful 
importance, but they are consistent. 

It is evident from table 5 that peas of the same grade but harvested 
at a later date have, in general, a higher fat content than peas har» 
vested earlier. Generally speaking, the percentages of ether extract 
parallel the percentages of ash, this being true not only of the grades 
but also of the age of the corresponding pea samples. 

For reasons not known the fat content of the samples of grade 2 
peas from the duplicate potash plot (samples 1 and 2) and the sample 
of one phosphorus plot (sample 2) were higher for the May 28 harvest 
than for the June 2 harvest. However, these 3 exceptions among 
23 comparisons should not invalidate the generalization just drawn. 

If the percentages of ether extract are calculated upon a dry-weight 
basis, all the above relationships are generally reversed, as table 5 
shows. 

The mean fat content of the three grades of peas from the untreated, 
the phosphorus-treated, and the nitrogen-treated plots for 1930 are 
remarkably similar for each harvest and for the two harvests com- 
bined. Appreciable differences occur between corresponding samples, 
but they are somewhat inconsistent. The fat content of the samples 
from the potash-treated plots was higher than the others in 9 out of 
11 instances in 1930, but in 1931 it was lower in all 6 instances than 
the samples from the untreated plots, resulting in no significant ® 
difference for the 2 years. In 1931 the fat content of the nitrogen- 
treated plots was significantly lower than the check and potash- 
treated plots, but the differences were quite small and unimportant. 
Although of doubtful consequence from a practical or culinary stand- 
point, this fact is interesting in a way that toU be discussed later. 
Upon a dry-weight basis these differences are less striking than when 
considered as percentages of fresh weight. In 1931 the relationships 
just discussed for 1930 did not hold. Thus it is not possible to attach 
any importance to the higher fat content of the potash plots in 1930. 

In practically all cases the ether extracts were found to contain 
not only fat but also pigments, free fatty acids, lecithin, and appar- 
ently other constituents as well. The following facts substantiate 
this statement. All the ether extracts were more or less colored, the 
color ranging from very light green or light yeUow to dark yellowish 
green. As a rule the ether extract, at least the greater portion of it, 
was readily soluble in alcohol, even at room temperature. Blue litmus 
paper dipped into such an alcoholic solution did not change color, 
but when it was subsequently wet with water the color immediately 
changed to red. The same reaction is shown by the isolated higher 
fatty acids. A few crystals of chemically pure palmitic or stearic 
acid*^ were dissolved in alcohol and blue litmus paper was immersed 
in the solution. No change of color took place; but if the litmus 

3 As in the discussion of results in this papa:, the term "significant ” or “significancse’ ' refers to 

ences between means for which odds of signifimnoe''' are greater than 35 to 1, by the method of Student (1 } 
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paper was tlieii dipped in water, tlie blue color clianged to red. This 
reactioip showing tlie presence of free fatty acids, w^as obtained with 
all the extracts of the various grades of peas. 

Several ether extracts of the Alaska pea, after being weighed, were 
taken up with ether, and the ether evaporated on the water bath. 
The residue was boiled with barium hydroxide for about 2 hours, 
after which the barium salts of the fatty acids were filtered off and 
the filtrate evaporated on the water bath at low temperature. The 
residue was taken up with warm absolute alcohol, in order to remove 
any clioliiie present, and the whole filtered. The residue on the 
filter showed the following properties: It was soluble in water, insol- 
uble in absolute alcohol; it contained some barium and, on oxidation 
with a iiiixture of potassium nitrate and sodium carbonate, gave a 
slight reaction for phosphoric acid. These facts point to the presence 
of lecithin in the ether extracts. 

While the ether extracts of the various pea samples were found to 
contain, in addition to glycerides, also pigments, free fatty acids, and 
lecithin, they differed from one another both quantitatively and quali- 
tatively. In other words, the pea samples contained not only unequal 
proportions of ether extracts but they differed also in shade and 
intensity of color, strength of acidity, solubility, etc. For instance, 
unlike most of the ether extracts, two of them solidified, at least in 
part, and were with difficulty soluble in alcohol. The solidified 
siibstaiice may have consisted of vrax or a waxlike matter whose 
nature, however, was not studied. The occurrence of waxlike sub- 
stances in peas has previously been reported by Schulze and his 
collaborators (BS). It is not unreasonable to assume that a careful 
study of the various constituents of the ether extract may throw 
additional light on the quality of the Alaska pea. 

CARBOHYDRATES 

Two grams of ground peas was transferred to a paper extraction 
thimble which was then covered wdth glass wool to prevent the sub- 
stance from being thrown out of the thimble and to insure good uni- 
form extraction. This was effected in a Soxhlet extraction apparatus 
by means of 60-percent alcohol, which was added to the extraction 
flask in a quantity sufficient to fill the extractor to the top of the 
siphon (iisually 220 cc), leaving at the same time enough alcohol 
in the flask to prevent caramelization of the sugars by heat incidental 
to the extraction. Extraction was continued for at least 4 hours. 
At the expiration of this time the extract was, with the aid of hot water, 
transferred quantitatively to an evaporating dish and the alcohol 
driven off on the water bath. The alcohol-free extract was then 
transferred by means of hot water to a 250-cc volumetric flask, about 
1 CC of 20-pereent neutral lead acetate solution added for clarification, 
made up to the mark, and filtered until perfectly clear. 

Estimation of Eepucing Sugars 

The method employed for the estimation of reducing sugars was 
that of Bertrand (f, 8, 9, 21, 2B). Ordinarily a 100-cc portion of the 
clear filtrate was taken for this estimation. The solution was trans- 
ferred to an Erlenmeyer flask of about 200- to 250-cc capacity, 20 cc 
of Bertrand’s solution A (copper sulphate) and 20 cc of Bertrand’s 
solution B (EocheUe salt) added, the whole brought to a boil, and 
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the boiling continued for 3 minutes. The flask was then remoyed 
from the' flame and the cuprous oxide precipitate allowed to settle 
well, when the supernatant blue liquid was decanted through a 
Soxhlet asbestos filter and sucked off. The cuprous oxide precipitate, 
both in the flask and on the filter, was then washed repeatedly with 
hot distilled water, after which the filter was removed from tlie suc- 
tion flask, and the latter was carefully washed with water to remove 
any copper present. About 20 cc o^f Bertrand’s solution C (ferric 
sulphate) was placed in the Erlenmeyer flask, and this dissolved all 
the cuprous oxide present. This solution was then poured on the 
Soxhlet filter, placed on the suction flask, and sucked through slowly 
to dissolve any cuprous oxide present on the filter. The flask was 
then w^ashed with w^ater, the w^ash water being used also to w^ash the 
Soxhlet filter in order to get quantitatively all the copper solution 
into the suction flask. This solution w^as then titrated with Bertrand’s 
solution D (standard potassium permanganate) to a pink color. The 
results were, calculated as glucose. 

The potassium permanganate solution wms standardized against 
ammonium oxalate. 

Determination of Total Sctgars 

For the determination of total sugars 75 or 100 cc of the solution, 
as employed for the estimation of reducing sugars, was used. The 
inversion was effected by the method of Herzfeld (7, 10). The solu- 
tion w^as transferred to a lOO-cc volumetric flask, 8 cc of 36-percent 
hydrochloric acid was added, and the whole shaken carefully. The 
flask with its contents w-as heated to 67® to 70® C. by placing it up 
to the neck in a water bath at 70®, this temperature being maintained 
for 5 more minutes. Total inversion w^as never allow^ed to last more 
than 10 minutes. At the expiration of that time the flask wras cooled 
with cold water, the hydrolysate neutralized with sodium hydroxide 
solution and made up to 100 cc. This w^as divided into two equal 
portions and employed for the determination of total sugars accord- 
ing to Bertrand’s method as already outlined. The results were 
calculated as invert sugar. 

Estimation OF Sucrose 

Sucrose w^as calculated by subtracting the percentage of reducing 
sugars from that of total sugars and multiplying the difference by the 
factor 0.95. 

Estimation of Starch 

Strictly speaking, the estimation of starch deals with total acid- 
hydrolyzable substances rather than with starch alone, since the pea 
is known to contain, in addition to starch, other acid-hydrolyzable 
polysaccharides such as sucrose, cellulose, dextrin, hemicelluloses 
(xylan, araban, galactan, and mannan), and perhaps other polysae- 
charides and substances that yield some glucose upon hydrolysis. 
In this connection the following facts should be borne in mind: 
Sucrose has been quantitatively removed from the peas by extraction 
with 60-percent alcohol prior to hydrolysis; cellulose is insoluble in 
2-percent hydrochloric acid used for hydrolysis of the polysaccharides : 
dextrin is knowm to occur in the pea to the extent of but 6 percent 
and may ha%"e been w’holly or partly extracted by the 60-percent 
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alcohol, while the exact nature and quantities oi all hemicelluloses 
oecurrinff in peas are not very well known. It cannot be doubted tliat 
the hemicelluloses are hydrolyzed, at least m part, under the condi- 
tions of hvdrolvsis as employed in this investigation However, it 
seems fairlv safe to state that the changes of total hydrolyzable sub- 
stances give a good index to the changes m starch content, tor this 
reason the acid-hydrolyzable polysaccharides are referred to here as 

The starch was estimated essentially according to the method 
described bv Lohrisch {17, p. 37o), Zemplen (^7), and bchnudt (24, 

». 9M). Tlie residue that remained from the 2 g oi peas, alter the 
sugars had been extracted with 60-perceiit alcohol, was transferred to 
a 14 flask, to which 150 cc of distilled water and 8 cc ot 36-percent 
hydrochloric acid were added, and the mixture was hydrolyzed by 
boilino* o*ently for 2 hours. The hydrolysate was then cooled, neu- 
tralized*^ with sodium hydroxide solution, transferred to a 250-gc 
volumetric flask, made up to volume with water, and filtered clear. 
Ten-cubic-centimeter portions of this solution were used for estimating 
the sugar as glucose according to Bertrand^s method. The starch was 
calculated by multiplying the glucose found by the factor 0.9. The 
results obtained with the various carbohydrates are summarized in 
tables 6, 7, and 8. 

Table 6. — PeTcefdo.g6 of Tsducing suQCifS iii the Alaskci pBO as ciffBctBd hy diffsTent 

fertilizers: deiermhied on the basis of fresh and of oven-dry weight, 1930 and 1931 

1930 CROP, PRESH WEIGHT 


s 


Reducing sugars from treatment 
indicated 


Sample no. j 

Grade 
no. 1 

i 

i 

Plot 

Check 

Potash 

Phos- 

phoric 

acid 

Nitrogen 

Harvest of May 28: 

1 

1 

1 

2 

2 

.i 

Peuent 

0, 039 
.034 

Percent 

0. 048 
.042 

Percent 

0. 039 
.041 

Percent 

0.079 

.080 

2 

B 



Average 

.036 

.045 

.040 

.079 

g 

3 

A 

.064 

,045 

.033 

. 061 

'4 ... - . 

: 3 

B.._ 

.045 

.070 

. 037 

.075 



Average 

. 054 

' .057 

.035 

i .068 

a 

4 ' 

A - 

.048 

I 

.031 

.064 

6 

4 i 

B 

.036 

.0.^ 

. 030 

.064 



Average.. 

.042 

.058 

.030 

.059 

Harvest of June 2: 


Average 

.044 

.053 

,035 

.069 







. 7- . 

2 


.071 

.056 

.048 

. 082 

8. ^ 

2 



B 

.029 

.037 

.044 

.060 



Average — 

.050 

.046 

.046 

.071 

9...... ............... 

3 

A - 

.042 

.033 

.078 

.096 

10..... 

3 

B 

.037 

.081 

.047 

.088 



Average 

.039 

.057 

.062 

.092 

11 

4 

A... 

.050 

.050 

. 048 

. 100 

: 12.,.. 

4 

B .......... .... 

.034 

.093 

,041 

.048 



Average— 

.042 

. 071 

.044 

.074 



Average (7-12) 

.043 

.068 

.051 

.079 



A v erage ( 1-12) ...... 

.044 

- 056 

.043 

.074 


*' A large flask is indispensable, otherwise loss of llqmd may occur at the beginning of boiling, when the 
liquid foams quite badly. : 



Apr. 15, 1934 Chemicol Composition and Yield of the Alaska Pea 719 


Table 6. — Percentage of reducing sugars in the Alaska pea as affected by different 
fertilizers; determined on the basis of fresh arid of oven-dry' weight f 1930- and 
1931 — Continued 

1931 CROP, FRESH WEIGHT 


Sample no. 

Grade 

no. 

Plot 

Reducing sugar.® from., treatment 
indicated 

Cheek 

Potash 

Phos* 

phorie 

acid 

Nitrogen 

Harvest of June 10: 



Percent 

Percent 

Percent 

Percent 

13 

2 

A - 

0. 03f) 

0. 043 


0. 1)74 

14.. 

2 

B.._ . . . 

.042 

, 034 


.084 


j 

Average 

— 

.039 

.039 


.073 

15 

3 i 

A 

. 040 

. 039 


. 057 

16 ,j 

3 ! 

B 

.053 

.060 


.053 



Average .... 

1 .047 

1 ■ .05«); 


.055 

17 

! 4 . 

A. .... . ^ ' ; 

1 . 042 

1 .059 


. 113 

18., 

! 4 i 

B : . 

1 . 059 

i .061 : 


.040 


1 

Average i 

! .051 

1 .010 i 


i .077 



Average {13-18}.... .| 

! 

.045 

1 . 019 1 


1 .070 

1 


1930 CROP, OVEN--DRY WEIGHT 


Harvest of May 28: 







1 

2 

A - 

0.19 

0. 23 

0. 19 

0. 38 

2 

2 

B . 

.16 

.20 

. 19 

.38 



Average 

.18 

. 22 

.19 

...38 

3 

3 

A 

.28 

. 19 

.15 

.28 

4 

3 

B 

. 19 

.:io 

. 16 




Average 

.24 

.25 

.16 

.31 

5 .... 

4 

A., 

.20 


,13 

.28 

6.. 

4 

,B 

. 15 

. 23 

, 12 

.23 



Averse.. 

.18 

.23 

. 13 

.26 



A verage (1-6) 

.20 

.23 

.16 

.31 

Harvest of June 2: 







7 

2 

.k 

1 .30 

.23 ! 

, 19 

.36' 

,8 

2 

B.-.. ; 

i .12 

. 15 ' 

. 17 

.24 



Average ....i 

,21 

.19 

.18 

.30 

9 

3 

A-— 

i .15 

. 12 

i .28 

.38 

10 

3 

B ' 

.13 

.29 

. 16 

.31 



Average 

.14 

.21 

.22\ 

.,'.35 

11 

4 

A.. 

.17 

. 17 

. 16 : 

.34 

12 

4 

B .... 

.11 

.31 

.13 

, . 10 



.kverage... 

.14 

.24 

.15 ^ 

.25 



Average (7-12) 

.16 

.'21 

■ . . IS 

.30 



Average (1-12). . 

,18 

■ . 22 

.17 1 

' .31 


1931 CROP, OVEN-DRY WEIGHT 
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Tabix 7. — FfsXi niage of sucrose iti the Alaska pea as affected by differerit fertilizers; 
ddenninrd on the basis of fresh and of oven-dry weight, 1930 and 1931 

1930 CROP, FRESH WEIGHT 


Sucrose from treatment indicated 


Sample no. 

Grade 

DO. 

Plot 



Phos- 





Cheek 

Potash 

phorie 

Nitrogen 






acid 


Harvest of May 28: 



Percent 

Percent 

Percent 

Percent 

1 

2 

A - 

4. 22 

3. 62 

3.98 

4. 59 


2 

B. 

3. 55 

3.61 

3. 89 

3.93 










Average.-- 

3.SS 

3.61 

3. 93 

4. 26 

3 . . 

3 

A - 

3. 35 

2. S3 

3. 74 

4. 03 

4 

3 

B 

2. 72 

3. 03 

3.31 

3. 53 



Average - 

3. 03 

2. 93 

3. 52 

3. 78 

- 

4 

A 

3. 46 


3. 28 

3. 47 

6, 

4 

B - 

2.53 

2.88 

2. 87 

3. 02 



Average.--- 

2.99 

2. 88 

3. 07 

3. 24 



Average (1-6) 

3.30 

3.19 

3. 51 

3. 76 

Harvest of June 2: 







7 ' 


A 

4. 14 

3. 16 

3.62 

4. 20 

8 

I 2 ! 

i “ j 

B-.. - 

1 2.90 

3.83 

3. 29 

3.57 


! ! 

Average 

3. 52 

3. 49 

3. 45 

3.88 

9... 

1 3 : 

1 A ^ 

2. 65 

2. 82 

3. 28 

3.27 

10-,... 

3 

B-. 

2.41 

3.13 

2. 94 

2.55 



1 Average 

2.53 I 

2.97 

3. 11 

2. 91 

n 

4 

A 

2.38 : 

2. 38 

2.98 

3.21 

12, 

1 

B 

2.43 1 

! 3.21 1 

2. 56 

2, 57 


1 

j 

Average 

2.40 

2.79 

2. 77 

2. 89 



Average (7-12) 

2.82 

3. 09 

3.11 

3. 23 



: Average (1-12) 

3.06 

3.14 

1 

3.31 

3. 49 


1931 CROP, FRESH WEIGHT 


Harvest of June 10: 

13.. 

14 

i 

A 

B. 

3. 42 
3.81 

4.11 
3. 61 


3. 86 
4. 23 

15 

3 

Average 

3. 62 

3.86 


4. 05 

A 

3 ns 

3 ns 


? 91 

16.. 

3 

B ..... 

2.77 

2.98 


3! 40 



Average 

2.93 

3.03 


3.16 

17 - 

! 4 ! 

A - 

2.54 

2. 55 


2 22 

18...-,.-. : 

I 4 

B 

2] 99 : 

2! 65 


3' 45 

1 

! 1 

Average....— 

2. 77 : 

2-60 


2.84 


! 

1 Average (13-18)-.- 

3. 10 

3, 16 


3. 35 
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Table 7. — Percentage of sucrose in the Alaska pea as affected by different fertilizers; 
determined on the basis of fresh and of oven-dry weight, 1930 and ISSl—Coii. 

1930 CHOP, OVEN-DRY WEIGHT 


Sample no. 

Grade 

no. 

Plot 

Harvest of May 28: 



1. 

2 

A 

9 

2 

B 

3. 

3 

Average 

A-, 

4.. 

3 

B. 

5 

4 

Average 

A 

0 

4 

B, . . 

Harvest of June 2: 


Average 

Average (1-6) 


7 

2 

A.... - ... 

8 - 

2 

B .. 

9 

3 

Average. 

A 

10 

3 

B 

11 

4 

Average 

A 

12. 

4 

B 



Average 

Average (7-12) 

Average (1-12) 


Sucrose from, treatment indicated 


Check 

Potash 

P'hos- 

phorie 

acid. 

Nitrogen 

Percent 

Percent 

Percent 

Percent 

20. 61 

17. 19 

19. 18 

22. 21 

16.87 

17. 14 

18. 24 

IS. 67 

18.74 

17.17 

18. 71 

20.44 

14.74 

12. 01 

16. 77 

18.52 

11.60 

13. 05 

14. 17 

15. 44 

13. 17 

12. 53 

15. 47 

16.98 

14.48 


13. 69 

16. 23 

10.51 

11.45 

11. 35 

14. (14 

12.50 

11.45 

12. 52 

' 14. 64 

14. 80 

14, 17 

15.67 j 

17. 35 

17. 39 

12.81 i 

14. 37 1 

IS. 43 

11.64 

15. m ' 

12. 81 1 

14. 38 

14. 52 

14.25 

13.59 

16, 41 

9. 56 

10. IS 

11.76 

'12.94 

8. 47 

11. 17 

1 10. 10 I 

j 8.96 

9.02 

10. 68 

10.93 

10. 95 

8. 10 * 

8.07 

1 9. 86 


7. 78 

10. 74 

8. 15 

8.65 

7.94 

9.41 

9.00 

9.80 

10.49 

11.44 

11.17 

12.38 

12.65 

12.68 

13. 37 

14. 87 


1931 CROP, OVEN-DRY WEIGHT 


Harvest of June 10: 

13 

14 

15 

1C 

17,_.... 

18... 


Average- 


Average- 


Average 

Average (13-18). 


15. 96 
17. 05 


16. 51 


11.58 

10.35 


10. 97 


8.44 

10. 20 


9.32 

12,26 


18.90 

16.02 


17.46: 


11.69 

10.89 


11.29 


8.59 

8.77 


8.68 

12,48 


17.28 

19.07 


10.77 

12.90 


11.84 


7.27'' 

11.29 


9,28 

,13.10 
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Table S. — Percentage of acuPhydrolyzable substances in the Alaska pea as affected 
bij difereni fertilizers; determined on the basts of fresh and of oven-dry weight, 

mo' and 1931 

1930 CEOP, FRESH WEIGHT 


Acid-hydrolyzable substances from 
treatment indicated 


Sample no. 

Grade 

Plot 










Phos- 





Check 

Potash 

phoric 

Nitrogen 



. . 



acid 


Harvest of May 28: 



Percent 

Percent 

Percent 

Percent 

1 

9 

A - „ , _ 

5. 82 

5. 07 

5. 69 

5. 00 

9 


B _ 

6,01 

6. 70 

6.22 

6. 44 



Average 

5.91 

5.88 

5.95 

5.72 

3.. 

3 

A - 

7, 66 

8.06 

6. 90 

6 60 

4 

3 

B _ 

8. 40 

8. 16 

8. 38 

7. 83 



Average — 

8. 03 

8. 11 

7.59 

7.21 

5 

4 

A 

8.38 


8 03 

7.81 

6 - 

4. 

B. 

8.66 

9. 84 

8.96 

8.19 



Average — 

8.52 

9. 84 

8.49 

8.00 


j 

Average (1-6) 

7.49 

7.56 

7.34 

6.98 

Harvest of June 2: | 







7 

1 2 

1 A 

! 8. 24 

8.31 

8. 77 

6. 93 

s 1 

1 2 

! B 

1 8. 92 j 

8.73 

1 8.87 

8G4 

i 

1 

, Average 

8.58 

8. 52 

8.82 

7. 53 

g 

i 3 1 

A - 

11. 07 

i 9. 56 

10. 60 

10. 10 

10 

! 3 ■ 

B 

11*. 81 

; Ih 10 

12. 05 

IL 15 


; i 








Average 

11. 44 

10. 33 

11.32 

10.62 

11 

4 

^ A ... 

12.34 

11. 85 

12.48 

12.30 

12 


B 

13. 32 

13. 60 

13. 83 

11. 82 



Average 

12.83 

12.72 

13. 15 

12.06 



Average (7-12)... 

10.95 

10.53 

11. 10 

10.07 



Average (1-12) 

9.22 

9.18 

9.22 

8.52 


1931 CROP, FRESH WEIGHT 


Harvest of June 10: 

i 

1 

1 




13, - : 

2 1 

A.., 

1 5.97 ' 

6.53 


7. 18 

14 

2 

B 

[ 6.60 

7.53 


6.48 



Average 

! 6.29 

7.03 


6. 83 



3 ! 

A 

1 ia20 

9. 55 


10. 20 

16..-.,.:-._ 

3 i 

B 

j Average.— _ . _ 

! 10.07 

10. 14 

10.89 

10.22 


9.30 

0 7*v 

17.„,„,_._ 

4 

' A 

12. 54 

12.67 


11.91 

18 ; 

4 

' B : ■ 

1 11.82 

13. 19 


12.50 



Average 

12.18 

12. 93 


12.21 



Average (13-18)-.. 

; 9.53 

10.06 


9. 60 
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Table 8. — Percentage of acid-hydrolyzaUe substances in the Alaska pea as agected 
by dig event fertilizers; determined on the basis of fresh and of oven-dru weiahL 
1930 and 1931 — Continued 


1930 CROP, OVEN-DRY WEIGHT 





Acid-hydrolyzable 

siihstanees from 





treatment .indicated 


Sample no. 

Grade 

Plot 










Phos- 





Check 

Potash 

phoric 

Nitrogen 






acid 


Harvest of May 28: 



Percent 

Percent 

Percent 

Percent 

1 .. 

2 

A- 

28. 49 

24 10 

27 42 


2 

2 

B 

28.59 

31.82 

2d. 13 

30. 4S 



Average 

28.54 

27.96 

28.28 

27,34 

3- 

3 

A 

32 7t 

34 22 

30 94 


4 

3 

B . 

79 

35” 17 

35 93 

34 30 



Average 

34. 75 

34: 70 

33.44 

32. 3,5 

5 

4 

A 

35.06 


33. 52 

34.30 

6. 

4 

B 

35. 91 

39. 13 

35. m 

34.65 



Average 

35. 49 

39.13 

34.56 

34.48 



Average (1-6) 

32. 93 

32.89 

32.09 

31.39 

Harvest of June 2: 







7 

2 

A — 

34.65 

33Jli 

34 84 

3(1' 39 

8 

2 

B 

35.82 

35. 71 

34. 55 

32'. 77 



Average 

35.24 

34.84 

34. 70 

31. 58 

9.-, 

3 

A 

39.99 

34.43 

38.01 

40.00 

10 

3 

B 

41.51 

39.60 

41.45 

39. 18 



Average 

40. 75 

37.02 

39.73 

i 30. 59 

ll.._. 

4 

A 

41.94 

40.11 

41. 21 

41.96 

12 

4 

B 

42. 74 

45.45 

44. 07 

39.71 



Average — 

42. 34 

42. 78 ■ 

42, 64 i 

40.84 



Average (7-12) — 

39.44 

38. 21 

S 39,02 

37.34 



Average G-12).. 

36. 18 

35.79 

1 35. 56 

1 

34,36 

1931 CROP, OVEN-DRY WEIGHT 

Harvest of June 10: 







13 

2 

A 

27. 86 

30.06 


32.16 

14 

2 

B — - — _ 

29.54 

33,38 


29.20 



Average 

28.70 

31.72 


30.68 


3 

A 

- 38.29 

36. 2S 


37. 78 



16--.- - 

3 

B. — _ 

37.67 

39.76 


35.22 



Average — — 

37.98 

38.02 


,36.50, 

17— 

4 

A.—.. — 

41,68 

42.61 



18. 

4 

B 

40.26 

43.59 


'40.88 



Average — — — 

40,97 

, '43. 10 


39.93 



Averse (13-18) 

35.88 

■37. 61 


35.70 


pISCITSSION AND INTERPRETATION OF CARBOHYDRATE EBSXJLTS 

From table 6 it will be seen that, asu rule, the proportions of reduc- 
ing sugars are almost negligible, ranging from 0.03 to 0.10 percent in 
the 1930 peas, and from 0.036 to 0.113 percent in the 1931 peas, cal- 
culated on the basis of fresh weight. There appears to be some 
difference in the percentage of reducing sugars obtained from peas 
grown on the variously treated plots. Thus, in the case of the 1930 
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peas raised in untreated soil the reducing sugars ranged from 0.029 to 
0.071 percent, these extremes being duplicates; the average of all 
samples was 0.044 percent. Yerv similar results were obtained with 
the peas grown in phosphorus-treated soil, in which the percentage of 
reducing sugar ranged from 0.03 to 0.078, the average being 0.043 
percent. Somewhat larger wms the proportion of reducing sugars 
in peas from potash-treated soil, in wiiich the percentage ranged from 
0.033 to 0.093, with an average of 0.056 percent in 1930.^ However, 
the differences between corresponding samples were so inconsistent 
that no significance can be attached to the differences between the 
means just referred to. In peas from the nitrogen-treated plot the 
proportions of reducing sugars were slightly and significantly larger 
than from the check or those receiving other treatments. The 
analytical averages of the 1931 peas are similar to those of the 1930 
peas. Considering the fact that the percentage of reducing sugars is 
extremely small, averaging 0.044 and 0.045 percent in peas from the 
untreated plot for 1930 and 1931, respectively, it would appear that 
there is some physiological significance in the higher percentage of 
reducing sugars in peas from the nitrogen-treated plot (average, 0.074 
and 0.070 percent for 1930 and 1931, respectively) as compared with 
that in the peas from the other plots. This higher content of reducing 
substances, although significant statistically, is of such small magni- 
tude as to be of no practical importance. The foregoing observations 
concerning determinations made on the fresh-weight basis apply 
equally to those made on the oven-dry weight basis. 

Table 7 reveals distinct regularities in the proportions of sucrose. 
The figures for total s\igars have been omitted, since sucrose consti- 
tutes 96 to 99 percent of the total sugars and the reducing sugars are 
negligible. The large-sized peas had a smaller percentage of sucrose 
than the small-sized peas, regardless of the time of harvest or the 
treatment of the plot. The older peas had a smaller sucrose content 
than the younger ones of the same size, age and sucrose content 
standing in reverse ratio. 

The mean percentages of sucrose in the peas from the untreated 
and potash-treated plots were practically the same. The sucrose 
percentage in peas that received the phosphorus treatment was 
significantly liigher than that of the check, but not significantly differ- 
ent from that of peas from the other plots. 

The regularities in sucrose content of the peas on the fresh-weight 
bpis hold good also for that of peas on the dry-weight basis, but the 
differences resulting from age and size are more striking, as wdll be 
seen by reference to table 7, That the fertilizers did not have a 
greater influence on the sucrose content may have been due in part 
to the fact that from the outset the plots were fairly fertile. At the 
same tiine it is recognized that in general it is difficult to alter the 
composition of seeds by these means. 

Table 8 (fresh-weight basis) shows that the peas of larger grades 
had a correspondingly higher starch content than the peas of smaller 
grades, this being true of peas raised in fertilized and unfertilized 
plots. In other words, the starch content of the peas varied directly 
with their size. Another regularity noted was the higher percentage 
of starch in peas of the later harvest. The regularities observed in 
the starch content of the peas when the determinations were made on 
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tlie fresli-weiglit basis also bold true when, the sta,rcli conteii,t was 
detemimed on tlie oven-dry weight basis (table 8). 

With .regard to the influence of the various fertilizers on the starch 
content of the peaSj table 8 shows that the 1930 pea.s from, the 
untreated plot had on an average 9.22 percent of starch,, those frO-Di 
the potash-treated plot had on an a.verage 9,18 percent , while the 
average sta,rcli content of t'he peas from t.he plots treated with phos- 
plioriis and nitrogen was, respectively, 9.22 and 8.52 , percent. By 
rediic.iEg these figures to the starch content of the peas from the 
imt.reated plot taken as 100, it will be found that t.he starch content, 
of the peas from the plots treated with potash, phosphorus, and nitro- 
gen is, respectively, 99.5, 100.0, and 92.4 percent. Thus, the nitrogen 
treatment has .here the only signifi..cant influence on the starch, .fomia- ' 
tioii, the effect bei.ng characteristic .of delayed maturity. , The 
difference is significant with reference to the potash- and phosphoriis- 
treated plots as well as to the untreated plots. 

The facts pointed out in the foregoing discussion will be better 
comprehended when the carbohydrate metabolism in peas is taken 
into consideration. Let us assume, as is generally assumed for plants, 
that the carbohydrate metabolism in peas takes place according to 
the following equations: 

( 1 ) (CO 2 + H 2 O) -^CH 20 

Carbon Water Formaldehyde tUticose 

dioxide 

(2) + C,H,,Oa - H,0 = C^Hs^Ou 

Glucose Fructose Water Sucrose 

(3) mCCeHioOe) - n(H20) = (CaH,„Os)A' 

Glucose Water Starch 

Then the simplest interpretation of the results obtained is that the 
first sugar to appear, glucose (equation 1), is rapidly changing to 
sucrose (equation 2). It is for this reason that the proportion of 
reducing sugars in the peas is quite insignificant. However, it appears 
that the condensation of reducing substances to sucrose and finally to 
starch, which is characteristic of maturity, wuis somewhat delayed in 
the peas grown on nitrogen-treated soil. This is evident from the 
fact that the reducing sugars in the 1930 peas from the nitrogen- 
treated plot (average 0.074) are significantly greater than those in 
peas from any of the other plots (average 0.043 to 0.056). That the 
nitrogen has a somewhat retarding influence on the rate of maturity 
of the peas is also evident from the sucrose content of the peas (table 7), 
The average sucrose content of the 1930 peas from the nitrogen-treated 
plot, the check, and the plots treated with potash and phosphorus is, 
respectively, 3.49, 3.06, 3, 14, and 3.31., The phosphorus-treated plot 
produced peas of a very slightly but significantly higher sucrose 
content than did the check and potash-treated plots, but inasmuch 
as peas from the plot given the phosphorus treatment did not 
exhibit other differences consistently characteristic of either delayed 
or hastened maturity, this point is in it^lf unimportant. Thus, only 
the application of nitrogen had a definite, retarding influence on the 
rate of maturity of the peas, as evidenced by the sugar content. The 
sucrose content of the peas harvested on June 2 was smaller than that 
of the peas harvested on May 28 and is in full harmony with the stated 
metabolism in the peas. 
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In tlie later stages of development glucose is changed chiefly to 
starch (equation Z), For this reason the more mature peas must 
necessarily have a larger percentage of ^starch and a correspondingly 
smaller percentage of sucrose. That this is actually the case a glance 
at tables 8 and 9 will show. The fairly high percentage of sucrose and 
starch in peas grown in the variously treated plots is an indication 
that these two carbohydrates represent important reserve materials 
of the peas. 

TOTAL NITROGEN 

The total nitrogen was determined by Gunning^s modification of 
the KJeldaiil method. 

Table 9 shows that when determinations were made on a fresh- 
weight basis the small-sized peas as a rule had a lower percentage of 
nitrogen than the large-sized, and that peas harvested early had a 
lower nitrogen content than those harvested later. On the other 
hand, when determinations were made on y dry-weight basis the 
nitrogen content ordinarily decreased wuth increasing size and age 
of the peas. 

Table 9. — Percentage of total nitrogen in the Alaska pea as a fected by different 
fertilizers; detenmned on the basis of fresh and of oven-dry weight, 1980 and 1931 

1930 CROP, FRESH WEIGHT 


Nitrogen from treatment indicated 


Sam,ple no. | 

Grade 

no. 

Plot 

Check 

! 

Potash 

Phos- 

phoric 

acid 

Nitrogen 

1 

Harvest of M'ay 28: 



Percent 

Percent 

Percent 

Percent 

1 , 

2 

A 

0,943 

1.013 

0.956 

0. 986 

2 

2 

B - 

1.004 

.967 

.935 

1 . on 



; Average — 

.973 

.990 

1 .945 

[ .998 

3 j 

3 

A - — 

1. 003 

1. 084 

‘ 1. 015 

1. 033 

4.„ ' 

i ' 3 

B... - - 

1.091 

1.033 

1 1. 055 

1 1. 078 



Average 

1. 047 

1. 058 

1.035 

1. 055 


4 

A 

1. 022 


1. 054 

1.041 

6 

4 

B... 

1. 106 

1. 127 

LllO 

i 1. 059 



j Average 

1.064 1 

1.127 

1.082 

1. 050 



Average (1-6) 

1. 028 

1.045 

1. 031 

! 1. 034 

Harvest of Jane 2; 




1 



7 

2 

A 

1. 010 

1.092 : 

1. 102 

1. 052 

s 

2 

B 

1. 126 ! 

1. 029 

1.071 

1. 150 



Average 

1.068 

1.060 

1. 086 

1, 101 


3 

1 

1 A......,.- 

1. 169 

1. 235 

1. 185 

1. 119 

10., 

3 

B 

1.246 

1. 184 

1.200 

1.286 



Averse — - 

L 207 

1.209 

1. 192 

1.202 

11 

4 ^ 

A._, .. 

1.215 

1.329 

1.286 

1. 296 


4 .i 

B - 

1. 346 

1.234 

1.296 

1.330 




Average 

1. 280 

1.281 

1.291 

1.313 



Average 

1. 185 

1.184 

1.190 

1.205 



I Average (1-12) _ 

1 ■ ■ ' 

1.106 

1.121 

1 105 

1.119 
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Table ts . — Percentage of total nitrogen in the Alaska pea as affected by different 
fertili:^ers; determined on the basis of fresh and of oven-dru tueighi, 1930 and 
1931 — Continued 

1931 CROP, FRESH WEIGHT 


Sample no. 

Grade 

no. 

Plot 

Nitrogen from treatment indicated 

Check 

Potash 

Phos- 

phoric 

acid 

Nitrogen 

Harvest of June 10; 

13 

2 

2 

1 3 ' 

i " 

1 , 

1 4 ^ 

i ^ 

A 

Percent 

0.940 

.991 

Percent 

0.952 

.981 

Percent 

Percent 

0.9!» 

.957 

14... 

B 


15 : 

Average .1 

A' 


.966 

,967 


.974 

1.156 

1. 157 

1. VX 
1. 143 


i. m 
1.111 

16 

i B . 


17. 

i 1 

i Average .. 

i : 

I A . 


1. 157 

1. 135 


1. 134 

1.299 

! 1.245 1 

1. 285 
I 274 


1. m2 

! 1.272 

IS 

i B - 



1 Average 

1 Average (13-18) 


1 1.272! 

1.131 i 

1. 280 
1. 127 

\ 

j 1. 287 

1.131 


1930 CROP, OVEN-DRY WEIGHT 


Harvest of May 28: 







1 

0 

A - 

4. 61 

4,81 

4. 61 

4. 77 

2 

o 

B 

4.77 

4 . 59 

4.67 

4.81 



Average. 

4.69 

4. 70 

4.64 

4.79 

3 

3 

A. ... 

4. 41 

4.60 

4.55 

4. 75 

4 

3 

B 

4.65 

4. 45 

4. 52 

4. 72 



Average 

4.53 

4.53 

4.54 

4. 74 

5 

4 

A... ...■ 

" 427 


4.40 

4.57 

6-. 

4 

B 

4.59 

4.48 

4. 41 

4.58 



Average 

4. 43 

4. 48 

4,41 

4.58 



Average (1-6)--. — .... 

4. 55 

4, 59 

4.53 

4.70 

Harvest of June 2: 







7 

2 

I A - ' 

4.25 

4:46 

1 4.38 

4.61 

8 1 

2 ! 

B ^ 

4. 52 ! 

4.21 

1 4, 17 

4.63 



Average— 

4.39 

4.34 

i 4.28 

4.62 

9... ! 

3 

A 

4.22 ^ 

4,45 

i 4.25 

4.43 

10 . 

3 

B.. ... ... ... . 

4.38 ' 

4.:22 

1 4. 13 

4.52 



Average— 

4.30 

4.34 

4,19 

4.« 

11 

4 

A-.- - 

4.13 

4,50 

4,25 

4.42 

12.. 

4 

B - 

4.32 

4.12 

4. 13 

, 4. 47 



Average.- 

4.23 

4,31 

4. 19 

4.45 



Average (7-12)..--- 

4.30 

4.33 

4. 22' 

4.51 



Average (1-12).. 

4.43 

4.44 

A 37 

4. 61 


1931 CROP, OVEK-DHY WEIGHT 


Harvest of June 10: 

13 - 

2 

2 

■ 3 

3 

' 4^ 

■' 4 'i 

A-, - — - 

4.39 

4.44 

4,38 
^ 4.35 


4,. 43 
4,31 

14 . 

B 


15. — ------.—-- 

Av(^age—-,-— 

A 


4.42 

4.37 


4.37 

4.34 

4.33 

4.!» 

4.17 


4.® 

4.21 

16 ------ - 

B — 


1 

17' 

Average — — ! 

A-—--—— 


4.34 

4.n 


4.25 

4.32 

4.24 

4,32 
4. 21 


4. a 
4. 1§ 

18 „ . 

B-— — 



Average — — — „ 

Average ( 13-'18) 



4. ^ ! 4. 27 

4.34 1 4.29 


' 4,'2l! 

4.»' 
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There were no significant differences in the total nitrogen content 
of the peas from plots recei^nng different treatments, which is rather 
surprising in view of the rather marked increase of sucrose and decrease 
of starch" in peas from the nitrogen plot. 

PROTEIN AND NONPROTEIN NITROGEN 

The estimation of the protein nitrogen was made according to 
Stutzer-s method {26) as applied by one of the ivriters and reported 
ill previous publications [12, 13, 14, 15). The estimation of the non- 
protein nitrogen was either made directly by ascertaining the nitrogen 
in the filtrate from the protein precipitate as obtained b.y means of 
Stiitzer's copper solution (11, 16, 26) or calculated by difference from 
100 (tables 10 and 11). 

Table 10 shows that the peas of smaller size had a smaller protein 
nitrogen content than those of larger size. 

What is true of the relationship between the different sizes of peas 
is also true of the relationship between peas of different ages regardless 
of treatment. For instance, in 1930 grades 2, 3, and 4 of peas from 
the untreated plot harvested May 28 have 41.21, 48.53, and 51.29 
percent of protein nitrogen, respectively (samples 1,3, and 5), while 
the corresponding grades of peas harvested June 2 have liigher pro- 
portions of protein nitrogen. The same holds true of the peas from 
the potash-, nitrogen-, and phosphorus-treated plots. The non- 
protein nitrogen of peas from the various plots stands in reverse ratio 
to the protein nitrogen, as would be expected. Exactly the same rela- 
tionships regarding size and age of the peas hold true when the per- 
centages of protein and nonprotein nitrogen are calculated on the 
dry-weight basis. 

The regularities herein reported regarding the decreasing sucrose 
content and the increasing starch and protein content with greater 
size and age of the peas are in harmony with the findings of other 
investigators {3, 4, 23). These facts will be better comprehended if 
the anabolic processes taking place in the pea are taken into account. 
The nitrates taken up by the pea from the soil are successively con- 
verted into nitrites, ammonia, and then into the various organic 
compounds according to the following scheme: 

Nitrates-^ nitrites-^ ammonia-^ mono- and di-amino acids-^ acid 
amides-^ polypeptides (peptones, proteoses) (8, pp. 23-53)-^ 
proteins. 
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From this scheme it is plainly evident that in the earlier stages the 
nonproteins (amino acids, acid amides) are dominant, whereas in the 
latter stages the proteins, namely, legumin, vicilin, legiimelin, and 
proteose { 18 ^ 19 , 20 ) are dominant. It would seem that the regiilarities 
so conspicuously displayed by the protein nitrogen of peas from the 
variously treated plots, especially the very considerable and con- 
sistent differences in the protein nitrogen between peas of different 
sizes and of different ages, make this estimation an accurate means of 
determining the stage of maturity of the Alaska pea. 

Although there are no significant differences in the total nitrogen 
content of the peas from the variously treated plots, some consistent 
differences occur in the distribution of the nitrogen. The mean per- 
centage of protein nitrogen based on fresh weight of peas from the 
various plots for 1930 was: Check, 0.614; potash, 0.644; phosphonis, 
0.627; and nitrogen, 0.599. The corresponding percentages of non- 
protein nitrogen were 0.492, 0.477, 0.485, and 0.520. The differences 
in amount of these constituents calculated on a fresh-weight basis 
were too small and too variable to appear important. However, if the 
percentage of protein or nonprotein nitrogen is calciilated on the basis 
of total nitrogen, some very significant differences between plots are 
evident. The peas from the potash plot sliow a protein-nitrogen 
content that is 56.73 percent of the total, or 1.3 times the nonprotein 
portion. Calculated similarly, those from the check and nitrogen- 
treated plots show a protein content of 54,61 and 52.66 percent, or 
1.2 and 1,1 times the non protein-nitrogen content. The increased 
proportion of protein nitrogen of the potash-treated peas is not statis- 
tically significant, but the decreased proportion of the nitrogen-treated 
peas is significant when compared with the check or the other treat- 
ments. The peas from the phosphorus-treated plot also show a 
significantly higher proportion of protein nitrogen than do those of the 
check. 

Despite the statistical significance of the difterences here discussed, 
it is doubtful whether the magnitudes are such as to be of great 
practical importance from the standpoint of culinary quality. The 
data show, however, a tendency for potash treatment to hasten 
certain processes that are characteristic of maturity, and for nitrogen 
treatment to delay those processes. 



iotnl nitrogen^ 1980 mid 1981 




Apr. 15, 1934 Chemical Composition and Yield of the Alaska Pea 731 




732 


Journal of Agritvilfural Research voi.4s, no. s 






734 


Juurnal of Agricultural Research 


?ol 48, no. S 


SUMMARY AND CONCLUSIONS 

Tlu‘ application of superpiiospbate at the rate of 1,000 pounds per 
acre f 100 pounds phosphoric acid) produced a definite increase in 
yield of tiie Alaska pea over the untreated plot, ainoiintiiig to 24 and 
is percent (fresh weight) for the seasons of 1930 and^l931, respectively. 
On the other hand, the application of 300 pounds ofpiiuriate of potash 
per acre (144 pounds potash) and of 400 pounds nitrate of soda plus 
2S0 pounds of sulphate of ammonia (116 pounds nitrogen) gave 
dilferences in yield, as compared with the untreated plot, which were 
neither siifficieiith" great nor sufficiently consistent to permit the 
drawing of definite conclusions. 

Records of direct observations in the field, as well as the very similar 
maturity indices for the peas from the treated and untreated plots, 
do not show any perceptible consistent differences in the rate ^ of 
maturity. This is in harmony with earlier field observations and with 
rejjorts of other investigators as well as with the chemical analyses of 
the peas from plots treated with potash and pliospiiorus. However, 
the peas from the nitrogen-treated plot showed, on an average for the 
entire season, a somewhat higher percentage of reducing sugars, a 
sigiiificaiitly higher percentage of sucrose, and a distinctly lower 
starch content as compared with the peas from the untreated plot. 

xllthougli the various treatments were without consistent effect on 
content of total nitrogen, the peas of the nitrogen- treated plot exhibited 
a slightly but significantly smaller proportion of protein nitrogen than 
peas from tlie check or any of the other plots. On the other hand, 
peas grown on the potash-treated and phosphorus-treated plots 
showed a larger proportion of protein than did the check, suggesting 
more advanced or hastened maturity as a result of the treatments. 
However, the phosphorus treatment was followed by no noticeable 
dilfereiice in percentage of any of the carbohydrates, of ash, or of 
ether extract. Thus, it seems safe to conclude that the maturity and 
hence the quality of the peas were unaffected by the superphosphate. 
The peas from the potash plots, on the other hand, exhibited slightly 
and sigiiificaiitly higher ash and ether-extract content than did the 
checks and those receiving the other treatments. Potash treatment 
was accompanied by increases in 3 of 5 constituents which are known 
to increase with maturity. Only the two carbohydrate fractions, 
sucrose and starch, which are believed to be of primary importance in 
deteriiiiiiiiig quality and maturity, were unaffected. Thus it seems 
that potash does have a slight tendency to hasten the maturity of the 
pea. This tendency, however, is so very slight, the differences are of 
such very small magnitude, that the}" are of questionable practical 
importance. 

Stages of maturity are characterized by distinct and marked dif- 
ferences. In general, more mature peas, i.e,, larger peas or peas of the 
same size but of later harvest, have a larger percentage of ash, of 
ether extract (fat), total nitrogen, starch, and protein nitrogen, and a 
lower percentage of sucrose. On a dry-weight basis the percentages of 
all constituents except starch and protein nitrogen decrease as matu- 
rity progresses. 

Muriate of potash and superphosphate applied singly are apparently 
without consistent and significant effect upon the rate of development 
or the quality of Alaska peas as indicated by partial chemical analysis 
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or beliavio.r i:ii the field. Readily available nitrogen tends to delay 
Ilia tiirity .appreciably, as is indicated by the higher sugar and lower 
protein. a.iid liydrolt'zable-polysa.ccharide content. 
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ABNORMALITIES IN THE FLOWER AND FRUIT OF 
CAPSICUM FRUTESCENS > 

By H. L. Cochran- 

Assistant in Department of Vegetable Crops, K'ew York {Cornell) Agricultural 

Experiment Station 

INTRODUCTION 

Relatively few eases of abnormalities in Capsieutn fruieseetis have 
received atteiitioii in the literature. The cases reported are scatteied 
over a period of more than half a century. No detailed liistciical 
study has apparently been made to difrerentiate })etweeu abnormali- 
ties infrequently occurring in the flower and the normal tlow'or itself, 
and only in the paper by Harris {6f has such work been reported 
on those more frequently found in the fruit. It is the oliject of this 
paper, therefore, to review the literature confined to abnormalities in 
the genus Capsicum, and to present a more detailed study of those 
occurring in both the flower and the fruit. 

The work reported here was done in connection with some studies 
that are being carried out on fruit setting in the pepper {Capskam 
frutescens L.) as influenced by certain environment al faetoi's. 

LITERATURE REVIEW 

The earliest and yet perhaps the most extensive investigation con- 
cerning abnormalities in the genus Capsicum is that of Terraeciano 
(15), who noted the changing of stamens into carpels and a growing 
together of these with the pistil in the flower of C grossitin. He 
also reported two types of abnormalities in the fniit of C. annnum. 
In one form the walls of the fruit, terminated by a hollow tiibiform 
st3ie open at the top, showed five protuberant evagiiiations. Inter- 
nally the fruit produced no seeds but contained five similar fniits, 
likewise without seeds and wdth short styles having almost perfect 
stigmas, disposed upon the apex of the thalamus. 

Mottareale (10) reported adesnw of. the carpels in several cases,, 
and stamens that were both larger and smaller than the corolla pieces. 
He also saw diaph^^sis ami ecblastesis of the fruit. Both abnormalities 
were in a few cases seen in the same fruit. Mottareale cites Terrac- 
ciano as having established that the staminate vasal collar develops 
externally like the corolla and is capable in Capsicum grossum of 
generating carpels. Not onl}^ are the carpels formed at the alter- 
nating petalous points, transformation of the normal stamens, hut 
also at , the .epipetalous points, forming small fruits hy development 
and also.by' a change of the has.al teeth with -which eveiy stamen is 
provided. 

! Received for publication Dee. It 

^ The writer .wishes to exj^ress his appreciation, to Br. Ora Smith for his assistance and valuable sugges- 
.tions during the course of this investigation; to Dr. H. C. Thompson for making it possible that the work 
carried. out; to. Drs. F. M,. Blodgett and .P.-P. Pironeofthe Department of Plant Pathology for translating 
several Italian articles; and to A. G. Rodriguez of the Laboratory of Plant Physiology for translating to 
Spanish article. 

3 , Reference is made by number (italic) to Literature Cited, p. 747. 
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'.s ' <ib<CH‘red pisti'llocly of the stamens and a coalesceiiee of 
thtmi With the pistil in flowers of Capsicmfi annmim. He also re- 
laatcMi tiiiit ahiinmialities in the fruit were relativeli" eoiiimoii. He 
ioniid itiilj a siiip'le carpel in some, while in others there were present 
more or less welt formed fruits. 

Some uniisiial types of abnormalities have been reported, chief 
aiiioiig which is one by Schilberszky (13). From a common pedicel 
two iiidiridiial fruits of Capsicum anmium arose and were grown 
together at the lower side in an angle of about 80°. Both fruits were 
equal in size and nornially developed. The calyx which usually has 
5 points, ill this ease had 10 and was forced between the single fruits 
ill siich a inaiiiier that it formed an obtuse angle. 

Gallardo (3) has described a case in Capsicum ammum where 
intenial tiiberlike formations as large as 2.5 cm in diameter appeared, 
which he thought resulted from seeds becoming sivollen. Welter {17) 
found ^ that very often the seeds of C. annwurn sprouted in the fruit. 

reported a sniall internal fruit in the pepper 
which originated from the apex of the axis, while Halstead (4,, o) noted 
an almost identical case of a miniatiire included fruit that arose from 
the apex of the fleshy columella on 1x111011 the seeds are borne. It 
resembled a normal fruit very niucli and was green. Raymondaud 
{12} also noted a small, globular, olive-shaped internal fruit in 
Capsicum anmmm. 

. Penzig (if, i\ 2, p. 174) i‘eported, after a long study', that abnormali- 
ties oceiirred rather frequently in the fruit of the geiixis Capsicum. 
Peiizig \1 1 j r. d, p.^ 77) cites Borbas (1 ) as having found central prolifica- 
tioii of the fruit in the same genus. This is also borne out by the 
findings of Harris (6). Irish (9) in his extensive work with the pepper 
has reported similar abnomialities in the frnit. 

Sturtevaiit {14) reported that sweet peppers ivere subject to the 
development of a berry or berries within the berry. These enclosed 
1 ruitlike bodies were in some cases found to produce a few seeds. 

MATERIALS AND METHODS 

During 1932-33 two crops of peppers ivere grown in the experi- 
mental greenhouses of the Department of Vegetable Crops at Cornell 
Univerrity. Plants from which niaterial was collected were of the 
H qrki Beater variety grown both in bank sand, to give a lowmitrogen 
series, and in soil high in organic matter to which sodium nitrate was 
added_ at weekly intervals to give a high-nitrogen series, in 1 -gallon 
glazed crocks. One plant was placed in each crock and grown imder 
uvo controlled temperature conditions, medium 60°-70° F., and warm 
/O -80°. Fresh material %vas observed under a wide-field binocular 
mio*osco33e. Slides wnre made of paraflfin sections, the material being 
killed and fixed in a solution made as follows: Solution A, 1 g chromic 
acid and 10 cc glacial acetic acid in 90 cc of wnteiq solution B, 40 cc of 
cmiiimercial 40 percent formalin added to 10 cc of wnter (Karpechen- 
ko s cliromo-acetic). Equal parts of the two solutions wnre mixed at 
uie time they were used. Heidenhain^s ii'on-alum haematoxvlin was 
iouiid very satisfactoiy for staining all tissues studied in the histologi- 
cal part of. the investigation. 




TERATOLOGICAL TRANSITIONS IN THE FLOWER. 

The iKii-irui! flower of Capsicum Jndesce ns ('%. 1 . I/} of'r*uf's eitliei 
vini^ly 2 or 3 together in the axils of branches. It has a iniiiutelT 
)4ohe(i calyx and a rotate -corolia that is also 5-nierous. The syle 
s linear, straight, longer than the stamens, and terminated Isy a 
aibcapitate stigma. There -^■•are'^ho stamens attaclied to the ovai’y 


riiit'EE L— n. Normal bud I day prior to antbesis; B, abnoriual bud devoid of pistil (note eoiUorted isreu 
where plsii! usiialiy is attached) and siamena devoid of filaments; C, yoimt? abnormal bud %ith pro- 
irudiag style, to he compared with .1; />, normal flower on date of arithesis. 


near the base of the corolla having heart-shaped anthers that deliisie 
by longitudinal splitting. ' The. ovary is nsaally 3-ceIled. 

In the case of the abnormal flower (fig, 2, II) which is ordinarily 
easily recognized, some interesting. teratologieal changes sometiiiies 
take place. The calyx may undergo paxtial metamorphosis, thus 
exhibiting almost, unconceivable transitions. One very abnormal 
ease was noted in this study when a calyx lohe enlarged and assumed 
the appearance of an almost fully developed petal (petalody), w’hile 
another calyx lobe on the same flower developed into a short pistil 
(pistillody). According to Gray (5, p. 174) pistillody from parts 
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nflior tlinn tlie stamens ra.relv occurs. .Some abnormal flowers liaye 
imrijial caivxes, i.e., o-iobed! others have as many as 8, while still 
fidicis. as was Quoted by Motta reale (10) and the writer, may be 
deprived of the calyx, 

A great variation was found in the stage of develop.ment of the 
flower at whieli the transformations occur as well as the time taken 



FbiE'EE 2,~~U, AJiiKEriiuil fi(tv.'er with many petals, some divided, and 13 staniens; B-C, mature fruits 
?:huw'in.u internal fruirlike htniies on receptacle; B, abnormal oorolla with 9 stamens attached, of which 
> are norinal. and i h.H'k.'; the anther, hut has instead a round hole extending to bottom of filament, 


for their cd^inpletion. , Starninod}^.^ mayv^^^^ initiated ■ in the young 
bud stage and completed during tlia-t time, or it , may not .start imtil 
about the time of anthesis. The abnormal phenomenon may , cease 
at this stage, leaving a eo.ntorted'appearing organ, or after .a. time eom- 
plete itself.. 
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.As is sliowB ill, figure ,3 the abnorii.ial corolla does not shed wit,liin 
2 or 3 days or become withered j like that of the normal iiowe.f. It 
persists until the ovary develops to the point that the basal collar 
IS split j thus allowing the corolla to drop. . 

the iiiajority of abno.nnal flowers contain from 7 to 9 staineiis.j 
occasionally there may be more. In 'figure 2, A. is sliown, a flower with 
13 normal stamens, wliereas in figure l, B, is shown another flower witli 
10 anthers completely deprived of their filaments. In figuie 2, D, is a 
flower with 9 stame'os, 8 normal ones and another devoid of its anther 
but with an ope,nirig at tlie a.pex that extends to tlie bott!:>m of tl',ie 
filament. .A similar ease of tl'ie latter abnormality was reported by 
Mottareaie dO), 

Stamens scmnUimes undergo partial retrogressive luetamorphosis 
thus (‘ausing some of them to unite with the petals, and they may even 



Fi'iiVKE 3.-~-Plaat of Capskuiu frute^ctna showing abnormal corollas which persist In being aitaelied. 

take the appearanee of petals but may not complete, the, transition, to. 
petalody. However, tliis (ompletion wuis observed during tiie course 
of this study. 

The abnormal style is perhaps the most easily recognized flower 
part. Normally it can be detected in the early bud stage by its 
unusual protrusion above the tightly closed petals. It is generally 
short and broad, and often severely contorted as is show ii in figure 1 , (A 
Complete anthesis of such flowem is delayed, and owing to the early 
emergence of the stiginatic surface beyond the stamens, the chances 
for self-pollination are very small. Owing to this and to the fact that 
sometimes such stigmatic surfaces fail to become receptive, the 
ovules are not fertilized and the fruits develon 
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HrpAini?]*, eross-pollinatioii and perhaps self-pollmation, ^evidently 
take piji;n‘ in a few cases. A point of great interest at this stage is 
file heliavior of siieh stjdes with reference to their development and 
aliscission. Nornial styles at the time of an thesis are rarely more tlian 
1 iiini in diameter near the base and 5 mm. in length. The styles 
usiially dry up and drop soon after fertilization has tahen place. Veiy 
often the style of an abnormal fl,ower has become 2 to 2.5 mm in 
diameter and 7 to 9 mm in length by the time the flower opens. It 
does not absciss but invariably remains attached to the ovary, 
develops chiofophyll, and increases in size with the ovary until 
iiiatiirit}', at which time it takes on t.he normal red color. The devel- 
opment of the various stages of the abnormal style is shown in figure 
4. Occasionally flowers develop devoid of styles as can be seen in 
figure 1, B. There is usually a more or less contorted cavity at the 
apex of the ovary in such fruits. The ovary may in some cases 
split loiigitiidinally into a rosette of stylar portions, some separate, 
other united. Each portion may develop a stigmatic surface wliich 



Figitbe 4.~Development of the abnormal style; it does not absciss but continues in growth with the 
ovary. Corollas have been remoyed from the larger fruits. 


appears to be very abnormal. Such conditions are not found veiy 
frequently, how^ever, and the stage to which they develop depends 
on the age of the ovary. 

TERATOLOGICAL TRANSFORMATIONS IN THE FRUIT 

■ Hanis (7) in working with okra, states: 

Among the various phenomena that may be included by the teratologists under 
the term ‘‘prolifi cation of the fruit one of the most interesting is the produc- 
tion of a more or less completely formed second fruit inside the first. Generally, 
the included “fruit” is distinctly abnormal in character, often reduced to ‘a 
whorl, or a series of whorls, of irregularly formed and usually sterile carpels. 

Tlie fruitlike structures in Capsicum irutesceiis apparently have no 
definite form but vaiy from an irregular contorted body through 
an almost perfectly formed sterile fruit, comparable in shape with 
the one in vhicli it is produced, to linear bodies from a few millimeters 
to 2 cm in length, some of wliich are terminated by a minute style, 
A few of tiie fniitlike bodies noted, however, contained no styles, as 
is shown in table 1. It is also apparent from these data that other 
bodies contained more tban one style. .Several bodies had a.s many 
as three styles, and ^ they were not always, normal in form as 'some' 
w.ere very iniich fasciated, . In one cas.e there were' four styles. One 
style, liowever, was practically always found attached at the apex of 
the body while the others were usually formed near the a.pex or on 
the side. This is shown in figure- 2,. i?, C;'.'. 
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Table 1. — Distribution of ahnornialities in the fruits of Cfipsicum fruiescem 


Lot no. 

Date fru,its. 
were har- 
vested 

Temper- 

ature 

under 

which 

plants 

were 

grown 

Fruits 

har- 

vested 

ill 

Abnor-: Fruits 
mal- i abnor- 
fruits ; mal 

Inter- 
.nai .ab- 
nor- 
■m-ali- 
ties 

Abnor- 
mali- 
t..ies 
havinu' 
0 yle.^ 

8l yles 
(‘im- 
tfii ne<'i 

Seed.' 
in :ib- 

liarnifil 

fruits 




c jr. 

Xum- 

Xum- 

Xum- I PcTcerd 

Xum- 

Xum- 

.V fj ni- 

Xnm~ 





her 

ber 

ber \ . 

her 

her 

her 

bit 

1 

Dee. 

7, 1932 

60-70 

191 

188 

3 : i.57 

71 

m 

70 

mi 

^3 . . 

Dee. 

26, 1932 

7O-S0 

i 129 i 

123 

6 4.65 

. .55 i 

42 

7K 1 

14 

H - ' 

Ja,n. 

11, 1933 

i 70-80 

' 213 ^ 

204 

9 i 4.22 

69 ! 

43 

,54 

34 

4 

Jau. 

2.1, 1933 

^ 60-70 

' 175 i 

170 

5 1 2.85 ! 

33 ; 

25 

61 

12 

5 . 

.Feb. 

4, 1933 

7O-S0 

16:3 

1,56 

7 ^ 4.29 ; 

37 ^ 

2H 

51 

• . 32 

6-.-,.-- 

Feb. 

16. 1933 

60-70 

22S 

217 

11 1 4.82 ^ 

34 : 

It; 

32 

28 

7 ' - 

Feb. 

2S, 1933 

i 60-70 

195 

187 

8 : 4. 10 : 

22 ^ 

1,5 

21 

■ <15 

s........ 

.A,iar. 

1(6 1933 

' 70-S0 

142 

132 

10 : . 7. 04 ‘ 

ifi ^ 

111 

i 32 

1 

9... 

May 

6., 1933 

70-80 

223 

216 

7\ 3.13. 

15 

: 10 

^ .. 21 . 

■ 280 

10... 

May 

19, 1933 

faj 

I 216 

202 

1 14 : 6.4.8 

50 

: 40 

O'i 

9 

,1.1., 

July 

13, 1933 

(“) 

1 , 147 

j . 125. 

! 22 1 1L96 

55 

i' . 

^ , , 81 

75 

Total 




: 2, 022 

f 1,920 

; 102 j 5. 04 ; 

477 

■ 329 

' 596 

886 


« Temperature uncontrolled. 


The data in table 1 show a seasonal distribution of the abiioraialities 
in the fruits. Even though the percentage of abnormal fruits was not 
iiiiusiia% high at any one timCj abnormal fruits were present through- 
out the duration of the experiment. The number of internal bodies 
was in no way constant. In fact, the determination of such was some- 
times rather difficult because of the varying degrees of fusion of the 
members of the. outer whorls and the small size of those of the inner 
ones. Harris (6) counted the number of styles and used this as a 
criterion of the number of internal abonormalities in Pmstdofa but 
the W'liter found the method unsatisfactory in the present stiidv hi - 
cause some of the included bodies contained more than one st\le 
In the majority of cases reported here, counts were made iindei a 
wide-field binocular microscope using a dissectiiig needle to separate 
the sometimes much entangled fniitlike structures. Some fniits 
contained only 1 of these structures, while others had as many as 18 
to 20, and in one case 22 of such abnormalities w^ere noted. The,y 
completely filled the fruit ca^dty . 

HISTOLOGICAL DIFFERENTIATIONS. BETWEEN PARTS OF T.HE, 
NORMAL FLOWER AND FRUIT A.ND EXISTING ABNORMALITIES 

Since no previous work has been reported that differentiates histo- 
logically between abnormalities infrequently occurring in the flower 
and the normal flower itself, attention has naturally been focused on 
this relationship here. Figure 6, A and B, show^s cross sections of a 
normal style and the style of an internal fruitlike body. Both are 
similar in some tissues, yet as a whole their development and tissue 
arrangement resemble each other but very little. The style of the 
abnormal fruit failed to develop a stylar cmal. This fact may^offer 
a partial explanation for the failure of the internal abnormal fruitlike 
bodies to become fertilized, and to form seed even when pollen has^ been 
applied to the stigmalike surface. Some abnormal styles were found 
to contain only 1 vascular bundle while others were frequently noted 
that contained from 6 to 8. The usual number of vascular bundles 
found in the normal style is 4. 
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The CM:)f'i.diictirig tissue through whicli the pollen tubes pass is iisiiallT 
fo'iiiicl iimiiediatelT surrounding the st.vlar, canal as is shown in figure 
5, J., In the abiioriiial style it may be completely absent or found to 



.one side and sometimes mixed. in .with the parenchyma' tissue.' , This 
can be seen ill .figure 5 j 5. ■ 

Harris, {6yp. 137) in Ms ineiition of the histological similarity exist- 
ing between carpellike bodies and the wall of the fruit, writesf 

Both sh<3w the exceedingly heavy epidermis and the large-celled parenchyma- 
tous ground tissue. The bodies show one or more vascular bundles similar to 
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those of the wall of the fruit. When fresh sections are examined, iniiTieroiis chloro- 
plasts are seen in both but they are s^eiierailv more abunciant in tlie wall of the 
fruit. 

That the wall of the internal fruitlike body is similar liistoiogically 
to the wall of a normal fruit is shown in figure 6 , hi ami B. There are 




Figure 6.— -.4, Cross section of wall of fruit; .<?, Epiderruis; e*, epiesrp; p, parenchyma. S, Cross 

siectioa of wall of mterual fmitUke Ivody. X 750. 

some differences noted, however, in that the wall of the fruit contains 
several layers of cells constituting the epicarp which are absent in the 
wall of the fniitlike , body,. The- former also contains much larger 

■■■' ' ' 


6.5578— 34- 
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pareiicliTiiia cells tliaii does the latter. The cliloroplasts and vascular 
}3iiiidles were similar in, both 'cases. 

DISCUSSION 

The c|uestioii as to w'hat factors cause the development of abnor- 
malities has probabty arisen in the minds of all workers who have 
reported them, but up to the present time explanations are lacking. 
Alottareale ilO) is the only previous worker who has atte.aipted to cor- 
relate environmental conditions with the existence of these abnormali- 
ties. He attributed the abnormalities found in the flower and fruit of 
Capsiewn amiMm and C. grossum to short periods of cold weather 
under wdiich the plants were grown. This explanation, however, does 
not seem altogether feasible, since he later repeated the same treat- 
ment twice and was unable to obtain similar results. Work of the 
writer tends to disprove the idea that low temperature is the only 
factor that results in the initiation and production of abnormalities. 
Those that are reported here wnre produced on plants grown under 
controlled medium (60° to 70° F.) and high (70° to 80° ) temperatures 
in greenhouses during the winter of 1932, and under uncontrolled 
temperatures (70° to 110°) in greenhouses dining the summer of 1933. 
This does not prove, however, that abnonnalities would not be initi- 
ated under still lower temperatures than those used in this study. 
The data in table 1 show that the number as -well as the percentage of 
abnormal fruits was gieater during the summer under high uncon- 
trolled temperatures than at an\' other time of the year. This fact 
suggests that high temperature is more effective in producing abnormal 
fruits than is inediiim temperature. In addition, the results of exami- 
nation of a large number of flowers during the same periods agree with 
these findings in regard to the fruits. P 

From the beginning of this study indications seemed to show that 
a competition for nutrients or elaborated food betw^een the rapidly 
growing normal plant parts may be the cause of the initiation of 
abnormalities since they appeared first on plants in the low-nitrogen 
series. Soon aftencards, limvever, several abnormal fruits and one 
abnormal flower ivere noted on plants in the high-nitrogen series. 
Ill fact, by the time the experiment terminated plants in the high- 
nitrogen series had produced more abnormalities than those in the 
low-nitrogen series, probably because the former produced more 
.flowers and fruits. 

SUMMARY 

A review" of the literature concerning abnormalities in the genus 
Capsicum and a detailed studi^ of those occurring in both the flower 
and the .fruit are reported here. 

A very rare case \?as noted in w-hich two calyx lobes on the same 
flo\?er assumed different teratological transformations, namely, 
pistillody and pelalody. 

There is no definite stage in the formation of the flower at which 
the transitions are initiated or completed. 

The abnormal corolla does not drop or wither within 2 or 3 days 
but persists until the ovary develops to the point that the basal collar 
splits and this allows the corolla to drop. 

Stamens may' iindergo partial retrogressive metamorphosis, thus 
causing some of them to unite with the petals, and may even take 



Apr. 15, 1934 AbmrmalMes in Flower wnd Frv/if qf Pepper 747 

the a.p'pea.ra.nce of such, but ina.y not complete tiie transition to 
petalody. . . 

The a,bnormal style can commonly be detected in. the ea.rly bud 
stage by its unusual protrusion above the tightly closed petals. It 
does not absciss but .remains attached to- the ovary, develops ehlo.ro-- 
pliyll, and increases in size with the ovaiy until maturity,’ at which 
time it takes on the normal red color. 

The interna.1 fruitlike bodies are usually dist.inctiy abnormal in 
character. Some have no style, while other have as many a.s 3, and 
in one case 4 were 

The number of internal abnormalities was in no way constant, 
as they ranged all the way from 1 to 22. 

Histological differentiations are made between parts of the normal 
flower and fruit and existing abnormalities. 

Both the style of a normal flower and that of an interal friiitlike 
body are similar in some tissues, yet as a whole their development 
and tissue arratigement parallel each otlier but very little. The 
fruitlike bodies failed to develop any indications of a stylar canal. 

Histological similarities between the wall of the iiiteriial friiitlike 
body and the the fruit are interesting. Both have a heavy 

epidermis, large parenclmna cells, chloroplasts, and vascular bundles. 
There is one very distinct difference, however, in that the fruit wall 
contains several layers of cells, which make up the epicarp and which 
are absent in the wall of the carpel like bod^u 

^^diile both abnormal flowers and fruits were produced more abiind- 
totly on plants growing under high and high imcontrolled tempera- 
tures, they appeared to some extent on plants under medium tem- 
perature. 
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SOIL TREATMENT IN RELATION TO CLUBROOT OF 

CABBAGE > 


By R. H. Larson, assistant in plant pathology. University of Wisconsin, and former- 
ly agent, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, and J* C. Walker, professor of plant pathology, Unwersity 'of Wiscon- 
sin, and agent, Division, of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry 

INTRODUCTION 

The investigation herein described is a continuation of work carried 
on b}" Wellinan during the years 1924 to 1928 incliisiYe. In a report 
of his studies he noted that the hydrate was the most effective eorn- 
poimd of calcium used to control clubroot of cabbage. In 1928 he 
secured good control of the disease on severely infested soil in Kenosha 
County, Wis., with a 2-ton treatment of this ehemical. In 1930 and 
1931 field treatments were carried out by the writers on infested soil 
in the same locality. Since in these cases even heavier treatments of 
the soil with calcium hydrate had little effect upon duhroot infection, 
further studies were undertaken to determine, if possible, what 
factors might influence the effectiveness of liming materials. 

Previous work on the relation of soil reaction to infection by the 
clubroot organism {Plasmodiophora brassicae Wor.) has been reviewed 
by Wellman. Chiipp ^ and Wellman ^ both succeeded in completely 
inhibiting infection in the greenhouse by applying calcium hydrate in 
sufficient quantities to make the soil reaction slightly alkaline. In 
the field experiments results were not always consistent. Ravn ^ 
secured considerainlt^eductio in infection by the use of finely 
divided CaCOg and still better control with a mixture of CaCOg aiid 
CaO. It is important to note, however, that in soiiie eases severe 
infection occurred and he was imable to explain the variation. Chiipp ® 
failed to secure effective control in the field with calcium hydrate in 
the early part of the season, although late-season plantings on the 
same soil were much less severely infected. Wellman secured com- 
plete inhibition of infection in the greenhouse with a 2-ton application 
of calcium hydrate, but this treatment did not preclude root inlectioii 
in the field, although it did gix^e very good control. In an examinatioii 
of the numerous reports of liming experiments with clubroot, one is 
impressed most by the lack of coiisisteBt success in disease control in 
the field. 


i Received for publication Dec. 8, iftSS; issued June, Cooperative investigations of the 'Wiseun* 
sin Agricultural Experiment Station and the Division of Fruit and Vegetable Crops and Diseases; 
Bureau of Plant Industry, U.S. Department of Agricultiire. 

1 ’Wellman, F. L. clubroot of crucifers, U.S. Dept.-A'gr. Teeh. Bull. 181, 32 pp., illus. IW. 

2 Chupp, C. clubroot in relation to soil al,kalinitt. Phytopathology 18; 301-306, illus. 1928. 

^ Wellman, F. L. See footnote 2. 

fi Ravn, P. K. fors^ med anvendelse af kalk o<* kunstrg^pninCi som miiddsl mod kaalbeoks- 
VAMP. Tidsskr. Landbr. Planteavl 17; T§ja. 

— FOES^G MED ANVSNDELSE AF KALE SOM MIOnEL MOD EAALBEOKSVAMF. TidSSkf. B WWi hr. 

Planteavl 18: [3571-392. 1911. 

® Chupp, C. See footnote 3. 
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FIELD EXPERIMENTS ' 

The field experiiiients discussed herein were conducted on two 
badlY infested fields. One of these was located near Somers, Kenosha 
Coiiiity, Wis., and will be referred to hereafter. as the Miller plot. 
The other was located near Franksville, Wis./ and is designated as the 
FranksTille plot. The Miller plot was nearly level except for a low 
swale which passed through it.^ The soil was a well-drained Carring- 
ton silty clay loam, quite iiiiiform in consistenc^u The Franksville 
plot had a slight irregular slope, and the soil was a Clyde silty clay 
loam. The conmierciai cabbage crop of 1930 02:1 this area was quite 
generally infected, but the infection was noticeably least severe on the 
lowei* portion of the slope. 

EXPERIMENTS ON THE MILLER PLOT 
1930 Trials 

A heavy application of manure was made before plowing. After 
the laiid was prepared, 3-10-10 fertilizer was disked in thoroughly at 
the T*ate of 1,000 pounds per acre. The liming materials were applied 
and disked into the soil on June 9 and cabbage (Brassica oleracea 
capitaM L.) plants were set on June 20. Two types of hydrate were 
used. One, which will be referred to as calcium hydrate, had been 
prepared from limerock consisting of about 95 percent calcium 
carbonate. The other, doloniitic hydrate, was prepared from 
dolomitic limestone which contained approximately equal amounts 
of calcium carbonate and magnesium carbonate. 

At the time of liming, the soil was relatively dry and it remained 
so until transplanting. For 2 weeks after transplanting there was no 
rain, and the only addition of water during thi^ period was that 
applied around the plants when they were setf*^hiis the conditions 
following transplanting were, according to Monteith,^ those least 
favorable for inf ection, although the ^^watering-in” of the plants 
would, according to Wellman®, be sufficient to favor a certain amount 
of infection. 

The reaction of the soil before lime was applied was pH 5.5, and at 
the end of the season in the untreated area it was pH 5.8, In the 
2-ton calcium hydrate treatment the reaction of the soil changed 
from pH 5.5 to 7.1, and in the 4-ton treatment to 7.4. In the case 
of dolomitic hydrate the pH of the soil was somewhat higher, shifting 
from 5-5 to 7.2 in the 2-toii treatment and to 7.6 in the 4-ton treatment. 

General infection became evident by the flagging of the plants 
during the middle of the day about 8 weeks after they were trans- 
planted, This distinguishing syunptom of cliibroot infection was 
apparent over most of the plot. At this time there appeared to be 
little difference between the treated and untreated areas. It is 
worthy of note, however, that the cabbage on the area treated with 
dolomitic hydrate, 4 tons per aero, produced somewhat larger plants 
than did those on the areas receiving the other treatments. 

After the yield data were taken^ a large number of plants in each of 
the treated and untreated areas were pulled and the roots examined to 

7 MONTBITH, J., jR. RELATION OF SOIL TEMPERATURE AND SOIL MOISTURE TO INFECTION BY PLASMO DIO* 
PHORA BRASSICAE. Jour, AgT. Research 28: 549-562* iUus. 1924. 
s Wellman, F. L. See footnote 2. 
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the amoiiiit and severity of the disease. All the roots 
exaiiiiiieif. were more or less clubhed. There was no ijieasiirable 
ditl'erenee in the extent of infection in the treated and the untreated 
areas except tlrnt in the former the diibs were iisinilly intact, whereas 
ill the latter they, ivere usually completely decayed, iiidica,ting that 
infectioiL has taken, place eaiiier. 

Less t,han 2 percent of the plants in the treated areas produced 
.iiiarketai'jle heads. The amount of practical co.ntrol 'was negligible, 
and no .measurable differences in \ield between the four treated areas 
and the untreated area were secured except on the low area in one 
portion of the field. In this area, which was favored vith a higher 
le^'e! of soil nioistiire during the growing season, some evidence of the 
action of the lime as a disease inhibitor was observed. The plants 
niad,e much better growth as the season progressed, and when t,he root. 
sA'stems were examined at the end of the growing period .a large 
percentage of pla.nts from the limed portion showed complete inhibi- 
tion of infection , wiiile in the imlimed portion mfectio.ii was general , 

It is evident from the results of this season that even thoi,igh calcium 
and dolomitic hydrate w^ere applied in amounts sufficient to clninge 
the reaction of the soil to ivell above pH 7.0, theaimoimt of infection 
in most of the plot was not materiallv affected. This suggested that 
seasonal or soil conditions influenced the effeetix'eiiess of the h^xlrate 
in some way not indicated by the pH reading. 

1931 Trials 

In 1931 portions of the same treated and untreated areas of the 
jMiller plot were replanted without further application of liming 
materials. Another portion of the same field wns laid out for further 
trials. To this various amounts of calcium hydrate and Agstone 
(finely ground dolomitic limestone) W’ere applied in the aiitiimii of 
1930. The field was planted to cabbage on June 1, 1931. Eainfall 
WHS again below normal during the growing season. 

Table 1. — Effect of various. soil treatments upon soil reaction mid yieki of cabbage 
on a clubrooi-uifested soil; Miller plot^ 1931 
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In table 1 is showm tlie reaction of the soil in the various plots in 
August 1930, at the time of transplanting in June 1931 and at the end 
of the season in September 1931. At the time the plants w^ere set the 
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soil ill all treated plots was neutral or a,bove. In fact there was then 
little difference in soil reaction between the plots that had been treated, 
with Agstone and those that had been treated with hydrate in October 
1930 , or between, tlie plots treated with hydrate in ^ June 1930 and 
those treated with, hydrate in October 1930. _ In spite of this there 
was no appreciable reduction in clubroot infection in the hydrate- 
treated plots of June 1930, nor in the Agstone-treated plots of October 
1930 . While infection was general in the hydrate plots of October 
1930 , there were distinct benefits from these treatments, as is shown 
by the percentage of marketable heads produced.^ Even in these 
cases, lioweveit, a commercially profitable degree of control was not 
attained. 

EXPERIMENTS ON THE FRANKSVILLE PLOT 

1931 Trials 

The Franksville plot was plowed in the autumn of 1930, and to 
certain portions of it 1J.> and 2% tons of calcium hydrate per acre 
and 4 and 8 tons of Agstone per acre were applied on October 22, 1930. 
Further treatments of calcium hydrate were applied to other portions 
at the rate of 1% and 2% tons p^ acre the following spring, one series 
of treatments being made on April 25, as early as seasonal conditions 
permitted, and the other on June 2, shortly before the entire plot 
was planted on June 5. 


Table 2. — Ejfeci of various soil treatmenis upon soil reaction and yield of cabbage 
on a cluhroot-infesied soil; Franksville plot, 19S1 
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In table 2 the effect of the various treatments upon soil reaction 

and upon yield of marketable heads is given. All treatments changed 
the reaction to neutral or above. The heavier Agstone treatment 
gave the highest pH reading, but there was little effect upon clubroot 
as measured by the percentage of plants which produced marketable 
heads. The calcium hydrate treatments as a_ whole were much more 
effective, the heaHer of these treatments raising the pH slightly and 
giving somewhat higher percentages of marketable heads. None of 
the hydrate treatments gave what might be considered a commercially 
successfd control. Although there was some reduction in the amount 
oi clubbing as compared with that on the untreated area and on the 
areas treated with Agstone, the roots of most plants were moi'e or less 
infected. 
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The results obtained in 1931 on the Miller plot suggested that fall 
application might be more effective since in this case it was more 
influential than the treatment of tlie spring of 1930. Chupp ® 
attributed increasing effectiveness of hydrate during the current 
season to the time recpiired for the hydrate to become active. In the 
Franksville experiment a direct compaiison between fall, early spring, 
and late spring applications of hydrate is made. No indication is 
given that a long interval between application and planting enhanced 
the inhibition of infection. In fact, the last application, made 3 
days before planting, gave slightly better results, although the actual 
differences are negligible. 

1932 Trials 

The Franksville plot was replanted in 1932, with no further addi- 
tions of lime. The purpose was to determine whether or not the 
treatments of 1931 wmuld affect clubroot infection the second season 
after application. The rainfall was somewhat heavier and more 
evenly distributed than in 1931. As the season progressed it became 
increasingly evident that the disease was less severe in the lower 
portions of the field regardless of treatment. In the final collection 
of data the percentage of infection and marketable heads was esti- 
mated in high and low portions of the same treated area where such 
an area traversed both levels. The data thus secured are given in 
table 3 . In general the amount of infection w as slight in the low por- 
tions of the plot and severe in the high portions, irrespective of treat- 
ment, and there wms no direct correlation between soil reaction and 
inhibition of clubroot. 


Table 3. — Effect of various soil trealments upon soil reaction, yield, and clubroot 

infection, Franksville plot, 19S2 



Rate of 
applica- 

Date of ap- 


Soil 

reac- 

tion, 

Mar: 

Clubroot 

infection 

Material applied. 

tion per 

plication 

Elevation 

Sep- 

ke table 





acre 


tember 

1932 


Severe 

Slight 






Per- 

Per- 

Per- 



Tons 



pH 

cent 

cent 

cent 



f 0 


High 

6. 9 

0 

100 


0 


0 


__._do 

6. 9 

1 

98 


0 

None. - 

\ 0 


Low . _ 

7.0 

57 

2 


1 


0 


High ^ 

6.9 

1' 

98 


0 


1 0 


... 

7.2 

m 

2 


4 

Agstone. 

( ^ 

1 8 

Oct. 22, 1930 
do 

High. 

0. 3 
6.4 i 

1 

1 

98 

98 


0 

0 


1}4 

do 

do - 

7.0 

1 

■■ 98:' 


0 


ni 

-----do-.- 

Low. : 

7. 3 ■ 

49 

16 


8 


iH 

Apr. 25, 1931 

High- 1 

6.8 

14 

SO 


4 

Calcmm hydrate. 

< 

2} '2 

June 2,1931 
Oct, 22, 1930 

.....do ...i 

- — .-do — 

7.0 

7.0 

, 12 
' 1 

' 92'. 

^ 98 . 


4, 

0 


2H 

do— 

Low.-,--..--- 

7.3 

44\, 

4 


4 


2i/o 

Apr. 25, 1931 

do — - — 

7.2' 

57 

',"'4 


8 


2}4 

June 2, 1931 

.....do— 

7.2 

52 

/ '0. 


0 


The results of the field trials over a period of 3 years indicated that 
seasonal and soil factors influence greatly the action of liming materials 
as clubroot inhibitors. The remainder of this paper is concerned with 
the study of eertain environmental factors in the greenhouse. 


8 ChVpf, C. See footnote 3. 
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GREENHOUSE EXPERIMENTS 

In, pot experiments in tlie greenliousej Wellman foiiiicl that as the 
elieiiiicals we,re added to the soU in increasing amounts, infection was 
iiihi}:>ited by Cii(OH)2 when the pH reached 7.3, by CaGOs when it 
reached 7.9, but when K2GO3 was applied until the pH reached 8.1 
infection still oecurrecL This experiment was repeated b}?' the writers 
and certain other chemicals were included. Untreated soil from the 
Miller .field was used. The experiment was run in three replications 
in 2-gallon earthenware crocks. The soil moisture was held at 75 to 
SO percent of the water-holding capacity. The results are given in 
table 4. 


Table A.—Hjfn-f of applicalw of various chemicals to clubrooiAnfeste^^^ soil upon 
f-'oii rt-aciion and disease development in pots in the greenhouse 
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0 

7.6 

20 

0 


I ^ 

6 .S 

2 

18 

7.1 

4 

16 

7.0 

5 

15 

Ca(OH )2 : 

2 

; -7.2 

20 

0 i 

7.3 i 

20 

0 

7.3 

20 

0 


1 3 

7.6 i 

20 

0 

7.4 1 

20 

0 

7.3 

i 20 

0 


1 1 

7.1 

20 

0 i 

■7. 1 i 

20 

1 0 

7.2 

20 

0 

CaO ■ 

; ,» 2 

7.3 

20 

0 

7.3 

20 i 

1 ^ 

7.3 

i 20 

0 


t 3 

7.8 

20 

0 

7.4 

20 

0 

7.4 

^ 20 

0 

NasCOi- 

1 1 ! 

5.6 

0 

20 

i 5.S 

0 

1 20 

> 5.S 

0 

20 

• 2 ' 

0.9 

0 

20 

6. 1 

0 

20 

6.1 

0 

20 


1 3 ! 

6.1 

0 

20 

6.4 

! ■ '0 

1 20 

6 . 3 

0 

20 

K 2 CO 3 .,-. 1 


5.7 

0 ; 

20 

5.7 

0 

1 20 

! 5. 9 

0 

20 

■’ 2 

1 

5.9 1 

0 

20 

5.S 

0 

' 20 

6. 1 

0 

20 


1. 3 

6.1 1 

0 

1 20 

6.0 

0 

20 

6 , 3 

0 

20 

Na2S04.-., 


i O.S 1 

0 

1 20 

5.6 

0 

1 20 

5. 6 

0 

20 

J n 

6.1 i 

0 

20 

6 . 0 

0 

20 

5.8 

0 

20 


i 3 

6.4 1 

0 

20 

6.1 

0 

20 

6. 1 

0 

20 

Untreated soil ! 

0 

5.7 

0 

40 

5.6 

0 

40 

5. 6 

0 

40 


NaaCOs, K2CO3, and Na2S04, in the amounts used, raised the pH 
only slightly and did not affect cliibroot uifection. Commercial 
Agstone, finely ground dolomitic limestone, distinctly inhibited 
iiifectioii when the soil reaction reached pH 6.9 and completely pre- 
vented inieet^^^^^ at pH 7.2 and 7.6,^ GaCOs gave similar results, 
while MgCOa was not completely effective until the soil reaction 
reached pH 7.3. These results differ from those of Wellman, who 
did not secure complete inhibition with CaCOg until the pH reached 
7 9. Ga tOHh produced little effect at pH 6.8 and 6.9 but was com- 
pletely effective at 7.2 and above, while GaO prevented infection at 


so WELL'MAJf, .F. L. See footnote 2. 
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It may be seen in this experiment that in the greenhouse those 
chemicals that were applied in amounts sufficient to raise the soil 
reaction slightly above neutral were in general very effective in pre- 
venting infection. This is in direct contrast to the results of field 
experiments described above in which the application of some of the 
same materials in quantities which raised the pH to 7.0 to 7.8 usuall}' 
failed to prevent an abundant development of disease. As was 
pointed out earlier, in the Miller plot in 1930 and in the Franksville 
plot in 1932, calcium hydrate was effective in low portions of the fields 
where the soil moisture was relatively higher and conditions for plant 
growth were more favorable. In the greenhouse experiments a 
reasonably constant and favorable soil moisture was maintained and 
here also the liming materials were effective. 

In the autumn of 1930 soil was secured from the untreated area and 
from each of the areas which had received 2- and 4-ton applications 
of calcium hydrate in the 1930 trials on the Miller plot. The reac- 
tion of the untreated soil was pH 5.8, that of the soil from the 2-ton 
area was pH 7.1, and that from the 4-ton area was pH 7.4. The 
three lots of soil were placed in 2-gallon earthenware jars and kept 
at 70 to 80 percent of the water-holding capacity. Twenty plants 
were grown in each sample for 1 month and the experiment was repli- 
cated at three different times. Heavy infection with clubroot was 
secured throughout the series in every plant on the untreated soil. 
No infection whatever occurred in the soil from the treated areas. 
In the autumn of 1931 soil was collected from the areas of the Miller 
plot which had received 4-ton and 8-ton applications of Agstone 
in October 1930. It maybe recalled that in the 1931 season there had 
been no evidence of disease inliibition in these areas (table 1). At 
the time of collection the soil from the 4-ton Agstone area had a 
reaction of pH 7.4, and that from the 8-ton area had a reaction of 
pH 7.8. This soil was set up as described in the last experiment, 
and untreated soil was again used as a control. Forty plants were 
grown in each sample of soil for approximately 4 weeks. At the end 
of that time all plants in the untreated soil were severely diseased, 
none was diseased in the soil receiving the 8-toii treatment, wliile in 
that receiving the 4-ton treatment about 50 percent of the plants were 
infected. The experiment was repeated and the outcome was similar. 
These results gave conclusive evidence that the conditions surroimd- 
ing the experiment in the greenhouse permitted complete control in the 
soil treated vdth 2-ton and 4-ton applications of calcium hydrate and 
an 8-ton application of Agstone, while conditions in the field had 
allowed heavy infection in the same soils. These results conform with 
those of other workers, wiio have secured consistent and convincing 
evidence of the effectiveness of lime in greenhouse tests while in the 
field various degrees of inconsistency have prevailed. 

A study of this soil was continued by taking samples from the 
calcium-hydrate-treated areas over a period of about 2 years, and 
conducting greenhouse trials in the manner described above. The 
results are given in table 5. It is to be noted that as the interval 
after treatment increased the reaction of the treated soil gradually 
reverted to neutral and below. As the soil became more acid the 
percentage of infected plants gradually increased. 
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Table o.—Chibrooi injedion in field-treated soil when removed to the greenhouse at 
various intervals alter treat merit 


Ctreenbouse te^ts with ^^oil coilec'ted after — 


Treat merit 


2 months 

1 2 months 

17 

months 

23 months 

X ' 



1 

P 


1 

Plaiit.s in- 
fected 

s 

Plants ii.sed 

Plants in- 
tected 



1 Kam- 

Per- 


Num- 

Per- 


Num- 

Per- 


Nurn- 

Per- 

^‘’ukaiirn '.ijfirute. 2 

ions I 

\ her 

cnit 


her 

cent 


ber 

cent 


her 

cent 

jiyrai-re, . . , 


7. i i 70 

0 

7.0 

70 

18 

6.8 

70 

68 

6.4 

70 

90 

Caleiiiiii hydrate,, 4 

rtitL" ; 












perat-rf,.. . _ 


7.4 ; TO 

0 : 

i ■ 7. 3 

70 

0 

7.0 

70 

0 

6.7 

70 

40 

Boiomi't-ie liydrat'e, 2 

UjIIS i 

1 











per acre 


7, 2 i TO 

0 

1 7. 1 i 

■ 70 

12 

1 6.9. 

70 

56 

6.4 

70 

70 

Doloiiiitie iiy (irate, 4 

tons 1 






i 






[■'eraere 


7,6 ; 70 

0 1 

7.4 i 

^ 70 

0 

1 7.1 

70 

0 

6.9 

70 

30 

t'm reared 

i 

5. S ! 70 i 

1 100 

: 0.8; 

70 

100 

! 5.6 

70 

100 

5.6 

70 

100 


111 tlie 1930 and 1931 field trials the soil moisture was relatively low 
for a major portion of the time, while in the greenhouse experiments 
it was kept consistently higli. In order to ascertain whether soil 
moisture was a determining factor in the effectiveness of lime, soil 
from both 2-ton treatments with calcium and dolomitic^ hydrate in 
the 1930 Miller plot was set up at fairly constant soihmoistiire levels 
of about 40 to 50 percent, 55 to 65 percent, and 70 to 80 percent of 
the water-holding capacity. Plants were transplanted to the crocks 
and the moisture levels maintained for 5 weeks. At the end of that 
time the plants in the untreated soil were uniformly infected at all 
moistiire levels. In treated soils there was complete inhibition of 
infection at all moisture levels. The experiment was extended to the 
S-toii Agstone-treated soil from the 1931 Miller plot. This soil was 
held at moisture levels of 40 to 50, 50 to 60, 60 to 70, 70 to 80, and 80 
to 90 percent of the water-holding capacity. After 4 weeks all plants 
on the untreated soil lield at 70 to SO percent of the water-holding 
capacity were diseased. There were no diseased plants in the Agstone- 
treated soil at any of the moisture levels. The entire experiment was 
repeated with identical results. 

Although the effectiveness of the two types of hydrate and Agstone 
as inhibitors of infection was uniform over a range of relatively coii- 
stant soil-moisture levels, the conditions wliicli prevailed still did not 
simiilate those in the field, where there is usually a fluctuation of the 
mDisture content of the soil. The next experiment was set up to 
observe the efl'ect on infection of fluctuation in soil moisture. 

Untreated soil and soil from the 2-ton treatment with calcium 
hydrate in the 1930 ]\liller plot w^ere used in the winter of 1930-31. 
Two earthenware crocks w-ere filled with the calcium hydrate field- 
treated soil and two with untreated soU. Ten plants w-ere set in each 
crock and the moisture content of the soil was held at 70 to 80 per- 
cent of the water-holding capacity. Another lot of the treated soil 
was allow-ed to dry out until the moisture content was below 16 per- 
cent of the water-holding capacity. Four flats 20 inches long, 14 
inches wide, and 12 inches deep were filled to a depth of 9 inches. Six 
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plants were set in each flat, each plant being watered in with 30 cc 
of water. After 5 da3*s 50 cc of water was added to each flat spray- 
ing it uniformly over the surface. After another 5 days 100 cc was 
added in the same manner and this procedure was repeated every 5 
days during the remainder of tlie 6 weeks^ duration of the experiment. 
Thus, ill the earthenware crocks the soil moisture was quite constant 
and relatively high throiighout the experiment. In the flats, however, 
the conditions resembled more closely those in the field trials, where 
plants were watered into relativeh^ dry soil. The high moisture con- 
tent of the soil around such transplants, besides being sufficient for 
infection, stimulated emergence of new secondaiw roots, which soon 
grew into the soil. The moisture content of this soil varied consider- 
abty from day to da^- and at different distances from the surface. 

After 6 weeks the plants from all crocks and flats were removed and 
the expeririient was repeated. The results of both series are given in 
table 6. In the crocks in which the moisture content was kept reason- 
ably constant the results of previous experiments were duplicated. 
Every plant in the untreated soil was infected, but there was no 
infection in the treated soil. On the other hand, in the flats in which 
the moisture around the plants was relatively high at the time of 
transplanting, but was allowed to fluctuate in the whole bulk of the 
soil, every plant was infected. It is true that the average soil moisture 
in the flats was lower than in the same soil in the crocks, but infection 
cannot be attributed to low soil moisture alone since in previous experi- 
ments constant low soil moisture failed to favor infection. It appears 
that the fluctuation of soil moisture at relatively lower levels provided 
the proper conditions for infection in spite of the fact that calcium 
hydrate had been incorporated in the soil. Under these conditions 
the organism infected the plants readily as it had done earlier in the 
1930 Miller plot. 


Table 6 . — Clubroot infection in calciuni-hydrateAreaied and in tinireaied sail at 
constant ayid fluctuating soil •moisture 




Series 1 

Series 2 

Treatment 

Condition of soil moisture 

■ 

Plants 

used 

Plants 

infected 

Plants 

used 

Plants 

infected 

Untreated 

Held at 70 to 80 percent of the 
water-holding capacity in 
crocks. 

.. . do 

Number 

20 

Percent 

100 

Number 

20 

Percent 

100 

Caleiuia hydrate, 2 tons per 
acre. 

Do-. ■ 

20 

0 

20 

0 

Started at lO percent of the water- 
holding capacity, and allowed 
to fluctuate in flats. 

24 

100 

"■'■24,' 

100 





Similar lots of treated and untreated soil were next set up in 
2-gallon earthenware crocks at 70 to 80 percent of the water-holding 
capacity. The untreated soil and part of the crocks containing 
treated soil were held at constant high soil moistiii’e by Aailj weigh- 
ing and addition of water. The remaining croclp of treated soil 
were allowed to dry out gradually until the soil moisture approached 
40 percent of the water-holding capacity. They were then brought 
up to the original moisture content by "the addition of water. This 
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process was repeated twice during an interval of 4 weeks. the 

plants were removed and examined all those in the untreated soil 
were disea seel. In the treated soil no infection _ occurred where the 
moisture was helcl constant nor where the moisture level fell and 
rose periodicallv. Thus this type of fluctuation had the opposite 
effect from that in which fluctuation at low soil moisture occurred. 

Another experiment was conducted to determine the effect of aera- 
tion of treated soil upon infection. Two-ton calcium-hydrate- 
treated soil was placed in 2-gallon earthenware crocks and a per- 
forated soft lead tube was incorporated in the soil. By this means a 
continiioiis flow of air was forced through the soil. An equal number 
of nonaerated crocks were used. During the course of the experimmt 
the soil moisture fluctuated from 65 to 80 percent of the water-holding 
capacity. After 30 days the plants were removed and the roots 
examined. The results of two series of experiments, given in table 7, 
show that the introdiiction of air into the treated soil resulted in 35 
to 40 percent infection, while in. noiiaerated treated soil only 1 plant 
in 40 became infected. In untreated nonaerated soil all plants were 
severely diseased. 


Table 7. — Effect of aeration of colcium-hydrate-ir^^^ soil upon duhroot infection 




1 Series 1 

Series 2 

Soil trej'itment- j 

.\eration 

Plants 

used 

Plants 
infected i 

Plants 
used ! 

Plants 

infected 

Calciaii] hydrate, 2 tons per acre. 
17.11 treated 

f Aerated--- - 

iNonaerated.-- 

do - 

N umber 

20 
20 ^ 
20 

Percent 

35 

5 

too 

Number 

20 

20 

20 

Percent 

40 

0 

100 




DISCUSSION 

Under the climatic conditions of 1930 to 1932, inclusive, hydrated 
lime did not uniformly inhibit clubroot infection in the field, although 
tlie soil reaction wms in many cases changed to pH 7.0 or higher. 
However, wdien the same soil was removed to the greenhouse and 
plants were grown in it, the treatment was completely effective in 
preventing infection. Under the latter condition, where frequent 
watering out, calcium hydrate, calcium carbonate, cal- 

eium oxide, and magnesium carbonate all reduced infection percep- 
tibly when added in amounts sufficient to raise the pH to about 7,0, 
and usually inhibited infection completely at pH 7.2 or above. High 
or low relatively constant soil moisture did not change the degree of 
inliibition. Fluctuation of soil moisture and forced aeration, how- 
ever, did peniiit varying degrees of infection in soil. It appears that 
flue tiiation in soil moisture is likely to permit infection in slightly 
alkaline field soils. . ; 

' While this study does not explain^ the fundamental bases of the 
eflectiveness of lime as a clubroot inhibitor under various conditions, 
the results do show significant differences between greenhouse and 
field trials. It is obvious that greenhouse pot tests are not a true 
mdex of what may be expected in the field. If one were to consider 
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the greenhouse results given in table 4 alone there is ground for con- 
cluding that a distinct correlation exists between soil reaction and 
infection by the clubroot organism. Why this does not hold in the 
field is not explained, but it is clear that when the soil moisture fluc- 
tuates at relatively low levels abundant infection may Gcciir at soil- 
reaction values which give no infection under the conditions of the 
experiments recorded in table 4. 

It is suggested in this connection that the soil-reaction determina- 
tion as ordinarily made is not necessarily a true index of the actual 
pH value of the soil closely adjacent to the roots. Thom and Himi- 
feld studied the reaction of soil particles adherent to fibrous root 
from a number of crop plants grown in a range of acid and alkaline 
soils. The soil in this zone, compared with the soil mass as a wdiole, 
was less acid when an acid soil was used, and less alkaline when an 
alkaline soil was used. It is possible that in the slightl}^ alkaline 
treated soil employed in this study, the reaction in the immediate 
vicinity of the roots was sufficiently acid, under field conditions, to 
permit abundant infection. It is evident that treatment of soil 
sufficient to inhibit infection in the greenhouse in no sense eliminates 
the organism. ^Wien the reaction of such a soil naturally reverts to 
below pH 7,0 abundant infection occurs even when favorable soil 
moisture is maintained (table 5). 

These results are offered only as they apply to the two soil types 
used. It is quite possible that heavier soils, higher in water-holding 
capacity, would yield entirely different results.* 

SUMMARY 

Field treatments of Carrington silty clay loam and Clyde silty clay 
loam with calcium hydrate and calcium magnesium carbonate which 
raised the reaction to pH 7.1 and above did not generally inhibit 
clubroot development. 

In treated soils, removed to the greenhouse, cabbage plants re- 
mained free from infection while in untreated soil from the same 
field there was abundant disease development. 

Under greenhouse conditions infection wuis inhibited in treated 
soil at high, intermediate, and low relatively constant moisture 
levels. 

Calcium hydrate, calcium carbonate, calcium oxide, and magne- 
sium carbonate all reduced infection perceptibly in w^ell-watered soil 
when added in sufficient amounts to raise the reaction of an acid soil 
to about pH 7.0, and usually inhibited infection completely at pH 7.2 
.or' above. 

Fluctuation of soil moisture at a relatively low^ soil-moisture level 
and forced aeration of the soil permitted varying degrees of infection 
in treated soils. 

It is suggested that low fluctuating soil moisture is an influential 
factor in limiting the effectiveness of lime as a clubroot inhibitor in 
the field. 


» Thom, C., and Humfeld, H. notes on the association of microohoanisms and roots. Soil Sd. 
32 : 29 - 36 . 1932 .,; ■ 
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LIFE HISTORY OP THE CROWN-GALL ORGANISM IN 
RELATION TO ITS PATHOGENESIS ON THE RED 
RASPBERRY ‘ 

By W. M. Banfield 2 

Formerly agent. Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Crown gall, caused by Phytomonas tumefaciens (Smith and Town.) 
Bergey et al. {Baderium tumefaciens Smith and Town.), is a serious 
and wide-spread disease of cane fruits. Though much attention has 
been given to various other phases of the crown-gall problem, com- 
paratively little study has been made of it on cane fruits, and the life 
history of the causal organism in relation to pathogenesis has been 
but imperfectly understood. The present investigation was under- 
taken in an effort to define important points in the life history of the 
causal organism in relation to its pathogenesis on the red raspberry 
{Rubus strigosus Michx.) in the hope that such knowledge might con- 
tribute toward the development of control measures. 

One strain of Phytomonas tumefaciens was used in most of the experi- 
ments reported herein. This strain was originally isolated by the 
writer from a crowm gall on Wealthy apple. It has been described as 
strain 2018 in studies recently reported by Riker et al. {27, 28)f and 
was repeatedly demonstrated throughout the entire course of these 
investigations to be highly pathogenic on tomato, Sedum, tobacco, 
apple, Bryophyllum, sugar beet, and the underground parts of both 
red and black raspberry varieties. The reactions on several common 
laboratory media and host plants, induced by 18 strains of the crown- 
gall organism isolated by the writer from as many collections of crown 
gall on the roots of red raspberry from Wisconsin, Indiana, and Michi- 
gan, have not differed from those induced by strain 2018. 

EXIT OP THE CROWN-GALL ORGANISM FROM THE HOST 

It has frequently been considered that the crown-gall organism is 
released from the galls only at the time of their disintegration. From 
the recent experimental work discussed herein it has been found, how- 
ever, that under favorable moisture conditions crown-gall bacteria are 
continuously passed off from the surface of living crown galls. 

1 Received for publication Hov. 1, 1933; issued July W34. Tliis work was done as part of a cooperative 
crown*gall project of the Bureau of Plant Industry, U.S. Department of Agriculture, and the Wisconsin Agri- 
cultural Experiment Station. 

2 The writer takes pleasure in acknowledging the advice and encouragement given him during the course 
of this work by the members of the Departments of Plant Pathology and of Economic Entomology of 
the University of Wisconsin. He also wishes to express his indetedness to Prof, A, A. Granovsky, formerly 
of the Department of Economic Entomology of the University of Wisconsin, for assistance in preparing 
the illustrations. 

3 Reference is made by number (italic) to Literature Cited, p. 785. 
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That rhe soil in which diseased plants are grown contains the crown- 
gall organism has been suggested by several investigators, who have 
reported that susceptible plants grown in such soil become diseased {1 , 
'id, 17, 21 , 25, 34, dd, 38), . Patel (22) has reported successful isola-; 
tioii of the crown-gall organism from the soil of nursery fields that had 
produced crops affected by the disease. It has commonly been 
assimied that 'the bacteria in the galls are liberated when the galls 
decay (5, 6, 17, 18). The limited experimental evidence does not 
sustain this Avidely held assumption. Kiker and Keitt (29) reported 
that ‘tfroin two dozen recorded attempts at isolation from decaying 
crown-gall tissue, no crown-gall bacteria were found. The present 
writer lias likewise been imsiiccessfnl with either potato-dextrose or 
bile-agar media (22) in many isolation trials from decaying or decayed 
crown-gall tissue. Robinson and Walkden (31) reported that they 
had observed great numbers of crown-gall bacteria on the surface of 
living crown galls and that prolonged exposure to running wmter 
reduced the bacterial population on the surface by about 200 to 1. 

Each of t\co active crowm galls free from decay was successively 
immersed for different periods in a series of equal volumes of sterile 
wuiter (table 1). Upon transfer of the gall from one quantity of water 
to the next in the series, a bacterial plate count was made of the water 
in which the gall had just been immersed. The results (table 1) are 
from (1) a crowm gall induced on the underground portions of a tomato 
stem by inoculation about 30 days prior to the time of the experiment, 
and (2) a crown gall induced by inoculation on the underground por- 
tion of the scion of a vigorously growing Wealthy apple graft about 
10 wrecks prior to the time of the experiment. The bacterial counts 
made of the successive wash waters show^ (1) that during the time of 
the experiment the bacteria were passing from the surface of the gall 
to the surrounding water, and (2) that the number of bacteria given 
off to the water during any immersion period was a very small fraction 
of the total bacterial population of the gall. 


Tabub I— Number of crown-gall hacima found in successim 10 cc volumes of 
sterile water in which a crown gall had been immersed for the time indicated in the 
sequence given 


Specimen and treatment. 


Tomato crown gall: 

Immersed in water . _ 

Do, 

Do,,,,.. 

Do..,.., 

Do,„ 

Do.»> 

Apple CTown gall: ! 

Immersed in water « . . . ' 
Surface washed in run- i 
ning water '* : 


Duration 
oftreat- 
i ment 

Bacteria 
found in 
water 

Specimen and treatment 

Duration 
of treat- 
ment 

Bacteria 
found in 
water 

I Minutes 

Number 

Apple crowm gall—eontd. 

Minutes 

Number 

10 

4,050,000 

Immersed in w^ater «... 

10 

2,120,000 

30 

4,800,000 

Do., 

40 

49,670,000 

10 

697,000 

Do.,... 

10 

893, 400 

10 

2,717,000 

Surface ^washed in run- 



30 

13,470,000 

ning water =. 

70 


10 

1,867,000,000 

Immersed in water « . , J 

10 

264,120 



Do......... 

50 

19, 463.000 

10 

3,267,000 

Do. A-,.--. 

10 

550, 000, 000 

35 






«' Immei^ed in. 10 ec; of sterile water in a large testriibe. . 

^ Maeerateci and: placed in 10 cc of sterile water, 

<» .:Plaee.d on citeeseeloUi in stream, of watearialling from a faucet. 


Aerial portions of the stems of a number of succulent tomato plants 
wwe sealed in small cylindrical glass chambers within which the 
bacterial flora could be controlled. These cylinders were 1% inches in 
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diameter by 3 inclies long, with a T side-arm extension of glass tubing 
one half inch in diameter and three fourths of an inch long. They were 
slipped down oyer the leaves of young tomato plants and held in 
place by clamps supported on ring stands. The open ends of the 
cylinders were closed by thin sections of a one-hole rubber stopper of 
suitable diameter. Adlxesive tape was bound over the outside of the 
stoppers and the ends of the cylinders. The ends were then sealed 
with a mixture of vaseline and paraffin, which was poured in a liquid 
state through the side arm and around the stem at the bottom of the 
cylinder. After the 
mixture had hardened, 
a thin layer of liquicl 
vaseline was placed on 
top of the paraffin- 
vaseline mixture. The 
top end of the cylinder 
was sealed by holding 
the potted plant with 
the attached cylinder 
upside down. All mo- 
tion of the stem within 
the cylinder that might 
break the vaseline seal 
in subsequent manipu- 
lations was prevented 
by binding the pot in 
wliich the plant was 
growing to the base ' 
the ring stand support- 
ing tlie cylinder (fig. 1). 

The surfaces of those if t'? * 

portions of the stems 
which were sealed in 
the cylinders were then 
disinfected, inoculated, 
and again disinfected. 

Disinfection was ac- 
complished by filling 
the cylinders for 10 
minutes with silver ni- 
trate solution (1 : 1,000), 
introduced, as were all 
materials subsequently 
employed, through the 
side arm of the cylin- 
der, the free end of which was closed by a removable rubber stopper. 
After the silver nitrate solution had been removed, the cylinders were 
washed with tliree successive changes of sterile water, each of which 
was held in the chamber for 10 minutes. 

A plate count was made of a fourth change of sterile water as a 
check on the effectiveness of the disinfection. One day after disin- 
fection the sterile surfaces of the stems within the cylinders were 
inoculated by thrusting into each stem a needle that had been smeared 


3 of 


Figure l.—GlaRS cylinder sealed over a section of tomato stem. In 
this manner sections of tomato stem were held for short intervals of 
time under aseptic conditions. 
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witli a crown-gall culture. As protection against contamination , 
clieeseclotli moistened with silver nitrate solution was held over the 
cjlinder during tliis and other manipulations. Two days after 
inoculation- the stem surfaces within the cylinders ^were again disin- 
fectedj and a plate count similar to that just described was made as 
a check on the effectiveness of the disinfection. 

Two months later an estimate was made of the number of crown- 
gall bacteria on the surfaces of the stems and large galls induced 
within the chanibers by inoculation. This estimate was obtained 
by plate coiints made of sterile water with which the chamber had 
been filled and in which the gall had been immersed for 10 minutes. 
The results from three cylinders in wdiich galls had been successfully 
mduced by the method just described showed that immediately after 
the first and the second disinfections no crown-gall bacteria were 
present on the surface of the stem. Moreover, no bacterial or fungal 
colonies developed in these plates. But 2 months later the plate 
eoimts showed 1,000,000, 4,000,000, and 24,000,000 crown-gall 
bacteria present on the surface of the stems and galls enclosed, 
respective^, the three c^dinders. 

Before disinfection of the gall surfaces, immediately after disin- 
fection, and at various intervals of time thereafter, estimates were 
made of the bacterial population on the surfaces of three other 
tomato crown galls held under aseptic conditions within the glass 
cylinders just described. Before disinfection an average of 3,750,000 
living crown-gall bacteria were found. Thirty minutes after disinfec- 
tion there was none; 4 hours later there were 4,000; 36 hours after 
disinfection, 13,500; and 5 days after disinfection, 4,400,000. 


LONGEVITY AND OVERWINTERING IN SOIL 

Observations over a number of years have led to the belief that the 
erown-gall organism may live for some time in soil in which diseased 
plants have grown (i, IS, 21, 34, 85), Experimental evidence 
reported herein demonstrates that the crown-gall organism over- 
winters in the soil under ordinary field conditions and that it may live 
for more than a year in unsterilized soils held free from the growth of 
seed plants. 

Experimental evidence as to the overwintering and longevity of the 
crowm-gall organism has been reported by several writers (S, 19, 23, 
I X h Muncie (19) states that tomato plants transplanted to inocu- 
lated soil be^rme infected until 154 days after the soil had been 
inociilated. Patel (23) reported that he was able to recover the 
organism in pathogenic state from inoculated unsterilized soils 
in which It had overwintered under field conditions at Ames, 
iowa. hrom/ a senes of isolation trials made from various types 
p nnsterilized soils held moist under laboratory "con- 

ditions, he concluded that the organism “may live lonier in 
sandy soils ^than in clays. He was able successfuUy to isolate 
and demonstrate the pathogemcity of the organism 669 days after 
moculation m unstenhzed loam. On the basis of isolations from 
^ nursery fields, Patel reported that “the 

pathogenic form of P^. tumefacum is localized in the field * * 

m close proximity to true gaIls^^ and that “organisms resembling 
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Psr tu'mejaciens are not generally found in soils from which crops 
susceptible to this pathogene are absent/' 

To determine whether the organism overwinters under field con- 
ditions at Madison, Wis., two plots of soil 3 feet square were inocu- 
lated September 23, 1926, and isolations were attempted in November 
and again in May of the following spring. Two diverse soil types 
were chosen, one a neutral peat and the other a Clyde silt loam. 
Inoculation to a depth of 2 feet was accomplished by removing the 
top layer of soil and treating the underlying layers first with a heavy 
suspension of Phytomonas tumefaciens. This was prepared by diluting, 
at the rate of 1 culture per 6 quarts of water, 6-day mass cultures 
grown on agar slopes in flat 11-ounce bottles. The suspension was 
mixed at once with the soil at the rate of 1 pint per cubic foot of soil. 
Soil samples for isolation were taken from 4 to 7 inches below the 
surface of the soil in each plot. Soil dilutions of 1: 1,000, 1: 10,000 
and 1: 100,000 were used to pour agar plates with Patel's bile medium 
(22). Five plates were poured for each dilution and were incubated 
6 days at 28*^ C. They were then examined for crown-gall-like 
colonies, a number of which were selected, and with each colony from 
2 to 10 inoculations w^ere made on tomato stems. The ability of 
these bacteria to induce galls when inoculated into susceptible 
tomato stems was the criterion used in identifying the crown-^gall 
organism. The results, recorded in table 2, show that the organism 
overwintered in the soil of these two fallow field plots. 


Table 2. — Overwintering of Phytomonas tumefaciens in 2 types of soil under field 
conditions at Madison, TlTs., 1926-27 “ 


Date of isolation 

1 

P. tumefaciens from neutral 
peat soil 

P. tumefaciens from Clyde 
silt-loam soil 

Colonies 

tested 

Total 

inoeula- 

tions 

Inocula- 

tions 

positive 

! Colonies 

1 tested : 

Total 
inoeula- i 
tions I 

Inocula- 

tions 

positive 

Nov. 12, 1926. — J 

Number 

20 

17 

Number 

40 

68 

Percent 

85 

68 

Number 

20 

34 

Number 

40 

136 

Percent 

95 

15 

May 21, 1927 1 


« The soils were inoculated on Sept. 23, 1926. 


To gain information as to the length of time the organism might 
exist in the soil in a pathogenic state, isolations were attempted 
periodically from two samples of unsterilized inoculated soil. The 
types used were the neutral-peat and silt-loam soils referred to above. 
They were held moist and free from the growth of seed plants in open 
cans in a cellar used for the storage of nursery stock. The isolation 
technic used and the criterion of successful isolation were the same as 
in the overwintering studies. The degree of success was measured by 
the percentages of the inoculations made wuth these colonies that 
induced crown galls on tomato stems. From the data recorded in 
table 3, it is clear that the organism can live for over a year in a 
pathogenic state in the soil in the absence of seed plants. 
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Wlieii iiiociila-ted into tomato stems, the last crown-gall colonies 
isolated from the silt-loam soil induced but very small galls. Four 

Tables. — Longevity of Phyiomonas tumefacieris tn samples oj unsterihs.ed 
soils kept in a storage cellar at Madisoii, M is.^ 1926-27 “ 



P. htmejadens from neutral 
peat soil 

P. tumefncuns from Clyde 
silt-loam soil 

Date of isolation. 

Colonies 

tested 

Total 

inocula- 

tions 

Inocula- 

tions 

positive 

Colonies 

tested 

Total 

inocula- 

tions 

Inocula- 

tions 

positive 

1926 

Number 

Number 

Percent 

Number 

Number 

Percent 

May 14 

10 

20 

100 

10 

20 

100 

May 3i 

10 

20 

100 

10 

20 

100 

J une 11-..,-.-- 

10 

20 

100 

10 

20 

100 

June 24 . - 

10 

20 

100 

10 

20 

100 

July 25- ' 

10 

20 

100 

10 

20 

80 

Sept. 10 - - -- 

10 

20 

100 

10 

20 

0 

Xov. 7._ - ^ 

10 

20 

100 1 

10 

20 

70 

Dee. 7.--. : .-.i 

5 

15 

100 i 

3 

24 

29 

1 

1927 

Mar. - 

10 i 

40 

80 

4 

24 

25 

July 2 1 

10 

40 

70 

6 

36 

0 

Oct. 10 - - - i 

Xov 15 

5 

5 

20 

20 

oo 

1 

8 

0 


j 1 







» The soils were inoculated on Aliiy 1, 1926, with pure cultures and held under approximately constant 
moisture conditions at 17° C. 


inoculations were made into each of two tomato stems with the three 
crown-gall-like colonies isolated December 7, 1926. All the inocula- 
tions made with two of these colonies were negative. Seven of the 
eight inoculations made with the third colony produced uniform galls 
that were, however, very small as compared with the galls induced by 
parallel inoculations from a b-day-old transfer of the stock culture 
with which the soils had been inoculated. Correspondingly, one of 
the four colonies isolated March 3, 1927, induced relatively small 
overgrowths on tomato. Although other crown-gall-like colonies 
were isolated in these and in subsequent trials, none induced any 
overgrowth response whatsoever in similar pathogenicity tests. These 
results suggest that the ability of the organism to induce galls on 
tomato may have declined after it had lived for a long period in the 
soil; or the small size of the galls induced by the last colonies isolated 
inay have been due to competition with other organisms contained 
within these colonies (7, ^7, 45), 

DISSEMINATION 

That crown gall is spread to new areas by the shipment of infected 
nursery stock has long been known, and careful inspection has often 
been relied upon to prevent this spread. The writer’s experimental 
evidence discussed herein indicates that rigid inspection of raspberry 
plants does not prevent the disease from being spread in this way, 
because incipient stages of infection, which no amount of careful 
mspectioii can detect, may be carried by apparently healthy plants. 

Selby {3Sy pp. 111-412) reported the disease to have occimred in a 
nimiber of raspberry plantations in the vicinity of Florence, Ohio, 
and stated that * * all the growers procured the plants from 
the same source. The plantation from wliich these plants came was 
found, on examination, to be diseased in the same manner.” Lawrence 
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(i7y p, 17) 10 years later warned Wasliington growers against using- 
plants from diseased fields, and said: 

* ^ even if only those plants are used which do not show signs of the galls 
the trouble will be quite sure to manifest itself at a later period. The writer has 
seen this occur in a number of instances. 

Bennett (6*, p. 22) reported: 

Plants which have been heeled in or which have been held in cold storage and 
wet down several times, although they may have few visible galls when planted 
in the field, have been known to become severely diseased often before the end 
of the first season. Apparently, in such cases, the bacteria are washed from the 
few galls which may be in the bundles and find their wmy into wounds where they 
become established but do not produce visible swellings till after planting. 

Investigators who have studied crown gall have usually found it 
difficult to obtain plants free from the disease. Thus Smith et ah 
{S9) could draw no conclusions from certain inoculation experiments 
on red raspberry because of the infection that appeared on the roots 
of the uninoculated control plants. They state that ^^the infection 
was probabh^ brought along with them from the nursery, because one 
or two knots were found on the roots of these plants when they were 
purchased.^’ Colby’s experience, as reported by Keilholz (ifi), in 
conducting experiments on control of crown gall on raspberries by 
means of germicides has been similar. He states that conflicting 
results come 

* * * from not knowing whether the plants w’ere clean when planted. An 

attempt was made to set only clean plants, but it is impossible to detect the 
crown-gall infection in its incipient stage. If the plant is alread}^ infected at 
planting time, the infection is quite certain to enlarge unless the soil near the 
plant has been so heavily treated with the germicide that the plant itself is 
killed. 

A test was made by the writer to determine whether apparently 
healthy red raspbeiTv plants carry incipient stages of infection. 
Plants of the Latham variety were obtained from a nursery in which 
the disease was known to be present. These plants were carefully 
examined for macroscopically visible infections before planting. A 
number of such plants were found bearing galls 1 mm or more in 
diameter. These were discarded. Plants selected as not visibly 
diseased were completely submerged for 20 minutes in a silver nitrate 
solution (1:1,000) to prevent contamination by crown-gall bacteria 
that might be present on the surface. They were then set out in 
beds of soil which had been steamed. 

These beds had been heated by the inverted-pan method of high- 
pressure steaming described by Johnson {15). Each bed after being 
steamed for 30 minutes with a head of 120 pounds pressure, was 
siirrounded by boards as protection against contamination by surface 
water and left for 1 week before planting. Ten beds thus prepared 
were planted May 12, 1928, with 600 raspberry plants that had beem 
selected and treated as described. 

Twenty-five to fifty raspberry plants were dug and examined at 
intervals of 2, 3, 11, 12, and 18 months after planting. Of 344 plants 
harvested from these steamed beds during this period, 51, or 15 per- 
cent, were afl'octed with crown gall. An average of 1.7 infections 
was found on diseased plants harvested within 1 year after planting. 
The size and condition of the galls found on plants during the first 
growing season indicated that infection had occurr prior to or soon 
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after tke time of planting. Since it seems improbable that crown- 
gall organisms in the soil were not killed bj the steaming or that the 
soil was reinfected during the first growing season, it appears that 
the galls which developed on these plants were due to incipient iniec- 
tioiis which were present on the plants when received from the nursery 
but which were not ^dsible. This \dew is supported by lurtlier evi- 
dence reported in a later section dealing with (1) the protracted 
incubation period of crown-gall infections under luifavorable growing 
conditions and (2) the length of time wounds remain potential avenues 
of mfection by Phytomonas iumejaciens. On the raspberry, the disease 
has been reported by Bennett (d) to occur through wounds, and by 
Dodge and Wilcox (^) ‘through wounds made by insects or by 
mechanical injuries.’’ The Great Britain Ministry of Agriculture 
and Fisheries {12) very suceinctly summarizes the literature on this 
subject by saying: 

It is generally believed that infection can occur only through wounds, for prac- 
tically all attempts to produce Crown Gall by inoculation of uiiwounded tissues 
iiave given negative results, whilst the frequent occurrence of Crown Galls on 
parts of plants which have been cut or wounded strongly supports the view that 
the organism is a wound parasite. The fact that Crown Galls occur on roots 
and occasionally on seedlings where no evidence of wounding is apparent does 
not negative this view, for insignificant wounds made by soil insects or by other 
means would suffice as ports of entry for the organism. 

Observations and experiments have been made by the writer, as 
preTioiisly reported in abstract form G), to determine (1) whether 
injuries on the underground parts of the red raspberry remain subject 
to infection for relatively long periods, (2) whether in the absence of 
injuries to the underground parts of the plant crown-gall infection 
may occur, and (3) whether root-feeding arthropods are chiefly 
responsible for the injuries through which crown-gall bacteria gain 
entrance to the tissues of the plant. The details of this work follow. 

LENGTH OP TIME INJURIES ON HOST REMAIN OPEN TO INFECTION 

The pronounced susceptibility of the red raspberry to crown-gall 
infection might be explained in some measure were it demonstrated 
that injiirieis on the underground parts of this plant remain open to 
erown-gall infection for relatively long periods. This phase of the 
problem was studied in four series of experiments over a period of 3 
years. Plants in various stages of development were studied under 
both field and greenhouse conditions. In both types of experiment 
all injuries were made at one time and inoculum was applied at va- 
rious intervals after wounding. The injuries in all cases were made 
by scraping through the cambial layer with a scalpel. The plants 
used were grown in soil that had previously been steamed, and pre- 
cautions wpe taken against contamination of the injuries by crown- 
gall bacteria before the inoculum was applied. In experiments on 
plants in the field, because of the comparative inaccessibility of the 
roots, most of the injuries were made on the underground portion of 
the stem. After the soil around the points of injury had been re- 
moved, the inoculum was applied to the injuries by means of a 
cumers-hair brush. Every precaution was taken not to disturb the 
tissues at the points of injury when the soil was removed and the 
inociilum applied. Examination of the wounds was made several 
months after the inociiliim was applied to the last set of injuries in the 
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series. The results of the field studies made in this manner (table 4) 
indicate that injuries on the underground parts of the red raspberry 
in some cases may remain open to invasion by the crown-gall organism 
for 6 weeks. 


Table 4. — Length of tiyne during which crown-gall infection was secured through 
injuries ynade on stems of red raspberry plants in the opening-hud stage of early 
spring*^ and in the early autumn^ 


OPENING-BUD STAGE OF EARLY SPRING 


Period between injury and inoculation (days) 

Plants 

injured 

Injuries 
inoculated «i 

Injuries 
infected at 
close of 
season 

1 , . ' 

Number 

Number 

28 

Percent 

57. 1 

2 

5 ’ 

20 

70.0 

6. . 

6 

24 

54.2 

IS 


28 

43.0 


Controls 

15 1 

60 

0 




EARLY AUTUMN 


2 ...... ■ 

21 

72 

5 ! 

17 

66 

9 ■ J 

13 

43 

42 

13 

44 

Controls 

20 

60 


« The injuries were made on the underground section of the stems of red raspberry plants, just before 
planting them in steamed soil on May 8, 1928. 

The injuries were made Sept. 1, 1928, on the underground sections of the stems of red raspberry plants 
grown in steamed soil. 

e A suspension of crown-gall bacteria was applied to the injuries with a camePs-hair brush at various 
intervals after the time of injury. 

^ These plants were practically in a dormant condition when the inoculum was applied to the injuries, 
The results were recorded at the close of the following season. 


ENTRANCE INTO HOST 

^‘Everything we know about crown gall points to wounds as the 
usual, if not the only way of infection” (38). This view, held by 
Smith in 1920, has been supported by the observations (10, 11, 17, 10, 
39, S3, 41} 4^) ^nd experiments of all later investigators.^ Infection 
has been obtained experimentally on apple (10, 30, 37, 29, 36, 37), 
tomato (10, 36), Ricinus {26, 30), geranium (SO), and grape (17, 18) 
only through wounds.^ 

Under greenhouse conditions similar studies were made on the roots 
of red raspberry plants grown in root-observation boxes. These 
plants had been grown for 1 year in the steamed-soil plots previously 
described and were free from crown-gall infections when set out in the 
boxes in the spring, since those that carried latent infections from the 
nursery had been detected and discarded. The soil in the root-obser- 
vation boxes was steamed at the beginning of the experiment. In 
August injuries were made on the roots in the manner already de- 
scribed, and at various periods of time thereafter inoculum was 
applied to them. Several months after the last group of injuries in 


^ A possible exception is Stapp UO) , who reported that tumors caused by Bacterium (Phytomonas) turnefa- 
cicws occurred at the eyes of potatoes that were planted either in inoculated soil or in ordinary garden soil 
after being dipped in a suspension of the organism. 

« Experiments made by various investigators with Phytomonas rhizogenes (^8), often called the apple 
strain of the crown-gall bacterium, are not included, although recent research (U) on this organism shows 
that it gains entrance to the tissues of its host primarily if not solely through injuries. 
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tlie series was treated, all tlie injuries were examined and the pres- 
ence or absence of the disease was recorded. 

Root-observation boxes of a type similar to those described by 
Dean (5) were used in these experiments. The sides of the boxes 
were made of wooden hinged doors that covered removable glass 
plates. The wooden doors could be opened readily and through the 
gla.. 3 s plates the roots in contaet. wuth the glass at the surface of the 
soil could be observed without disturbing them. The glass plates 
were removed when the injuries and inoculations were made. The 
use of these boxes made it possible to manipulate and observe the 
roots without danger of causing further injury by removing the sur- 
rounding soil, as must be done in field experiments. By the middle 



Figure 2.— Length of time during which crown-gall infection w’as secured through wounds on underground 
parts of red raspberry. The dates given are the dates at which the injuries studied in the experiments 
were made. 


of August the roots in the boxes had grown extensively and a con- 
siderable number were in contact with the glass plates at the sides of 
the boxes. 

Injuries were made with a scalpel, as in the field experiments. The 
injuries were then marked by means of map tacks in the ends of 
match sticks that were pushed into the soil so that the head of the 
map tack was adjacent to the injury at the surface of the soil. The 
injuries in each group in the series were made on the roots of plants 
in 1 or 2 boxes and inoculation of all the injuries in one group was 
inade at one time, by sprinkling the roots on the surface of the soil 
witli a suspension of crown-gall bacteria. Inoculated boxes were kept 
separate from those iininoculated, to avoid the danger of con- 
tamination of the injuries with crown-gall bacteria before the desired 
time interval had elapsed. The results of the experiment are shown 
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ill table 5. This experiment was repeated under like conditions the 
following season, and the time was extended to 50 days. Essentially 
the same result was obtained as in all earlier experiments (lowest 
curves, %. 2). 


Table 5. — Length of time, during ivhich crown-gall infection was secured through 
injuries 'made on roots of red raspberry plants in early autumn,^ 1929 


Treatment and date 

Period 

between 

Injuries 

Injuries infected 

injury and 
inoculation 

treated 

Oct. 3 

Nov. 26 

Injuries inoculated: ** 

Sept. 3 

Days 

1 

Number 

40 

Percent 

75 

Percent 

85 

Sept. 6 -.- - 

4 

50 

40 

64 

Sept. 23 

21 

50 

0 

42 

No inoculum applied— 

100 1 

0 

70 

0 

Control injuries made and inoculated: 

Sept. 3 

0 

10 

90 

Sept. 6 - _ 

0 

' 10 

I 60 

90 

Sept. 23 

0 

10 

^ 0 

70 

Oct. 4,., 

0 

31 

i « 10 

71 

Control needle-thrust inoculations: 

Aug. 22-Sept. 3 — 

0 

90 

87 

96 

77 

Oct. 4 

0 

31 






« The injuries were made on Sept. 2 on the roots of healthy erown-gall-free plants grown in steamed soil 
in root-observation boxes, 

A suspension of crown-gall bacteria was sprayed over the root and the soil in the root-observation boxes. 

•= Observed on Oct, 24. 

The data obtained from each experiment are presented in figure 2. 
The curves show that the percentage of treated injuries that became 
infected decreased as the interval between the time of injury and the 
application of inoculum increased. On vigorous plants this decrease 
was at first considerable, but after 10 days to 3 weeks the percentage 
of infected injuries tended to remain constant, indicating probably 
that a fair proportion of such injuries were rapidly closed to infection 
but that a small part of the injuries remained subject to infection for 
3 to 7 weeks or longer. 

A study was made to determine whether injuries on the underground 
parts of a variety more resistant to crown gall would be subject to 
invasion by the parasite for a shorter time. Latham and the sup- 
posedly more resistant variety Ranere were used. The experiment 
was carried out on each variety under the same conditions and in the 
same manner as the experiments described above. The results are 
recorded in figure 2. The erratic results obtained in the 1930 season 
may have been due in part to the low vitality of the plants used, a 
condition that probably resulted from late planting. The results 
indicate, as did those of all earlier experiments, that injuries to the 
underground portion of the Latham red raspberry remain subject to 
crown-gall infection for a considerable period. The comparative rec- 
ord on the more resistant variety, Ranere, suggests that in this respect 
there is little difference in these red raspberry varieties. 

Ranere, often called St. Regis, has been reported resistant and 
Cuthbert susceptible to crown gall. Comparative studies by the 
present writer of the development of crown gall in five varieties of 
raspberry grown during the 1930 season in inoculated sandy-loam soil 
indicate that Ranere displays some resistance to the disease (table 6). 
In this experiment the root systems of the Cuthbert plants used were 
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but one third as exteiisiye as those of the Ranere.^' Had the plants 
been equal in size the difference between the two varieties in all proba- 
bility would have been more sharply defined. The Latham variety 
was not intentionally used in these tests. A few plants developed 
from roots left in these plots from an earlier planting. 

Table 6. — Development of crown gall on 5 varieties of raspberry grown in inoculated 

soil, 1930 


Variety 

Total 

plants 

grown 

Average 

galls 

per plant 

Plants 

infected 

Plants 
visibly 
injured by 
root-feeding 
arthropods 

Cuthbert.- - - 

Cumberlaiid 

Number 

90 

52 

8 

48 

84 

Number 

7.0 

6.6 

' 6.6 
4.9 
3.2 

Percent 

98 

94 

88 

75 

Percent 

62 

85 

75 

39 

Latbam - - 

Pluiu Farmer . 

Ranere-. , - - - 



Injuries are inevitably caused to the root systems of raspbeiT}" 
plants in storage and in transit. To determine whether injuries to the 
roots caused prior to planting are subject to infection, 12 plants 
received from a nursery w^ere injured just before they were planted 
in the inoculated soil plots described under the heading Seasonal 
development (p. 779). The injuries were marked by loosely encir- 
cling the stem or root at the point of injury wdth an aluminum wire 
band. Inspection 14 weeks after planting showed that 19 of the 48 
injuries (40 percent) so treated had become infected. Of the 71 
injuries made on plants set out in plots of soil that had been steamed 
none became infected. 

INFLUENCE OF MECHANICAL INJURY 

Experiments were made to determine whether crown-gall bacteria 
enter the red raspberry only through injuries. Under controlled con- 
ditions in the greenhouse experiments, crown-gall infection did not 
occur in the absence of either of two factors; namely, (1) injuries to 
the underground parts of the plant and (2) crown-gall bacteria in the 
soil in 'which the plants were grown. Of plants grown in inoculated 
soil and not guarded against injuries to their underground parts, 80 
percent developed the disease. The average number of infections on 
these diseased plants under controlled conditions was about equal to 
that found for diseased plants grown in inoculated soil in the field. 

These experiments were carried out in the greenhouse on a limited 
number of plants knowm to be practically free from crown-gall infec- 
tions. The plants were disinfected by immersion in silver nitrate 
solution ( 1 : 1 , 000 ) for 20 minutes and then planted in 10- or 12-inch 
pots or in root-observation boxes in soil that had previously been 
steamed. Prior to the time of the experiment the plants had been 
gro'wn for 1 or 2 years in the steamed-soil plots previously described. 
During this period the incipient stages of infection developed that 
were carried on the plants from the nursery. By discarding the 
infected plants and selecting only those that had growm at a distance 
of 3 feet or more from them, plants were obtained having a minmium 
of incipient macpscopically nonvisible infections. The extent of this 
minimum quantity of infection was ascertained at the close of each 
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experiment by recording the number of infections found on plants 
that had not been exposed to crown-gall bacteria during the course 
of the experiment. Tables 7 and 8 show that no infections were 
present on the plants selected 1 year after planting in steamed soil, 
but that a small number of such infections were present on plants 
removed at the end of 2 years from the steamed-soil beds. 

The plants were guarded against the effects of mechanical injury of 
two types: (1) Injury received when the plants were transplanted at 
the beginning of the experiments and (2) injury caused by roobfeed- 
ing arthropods. The injury received in transplanting was practically 
eliminated as a factor in infection by holding the steam-sterilked soil 
in which these plants were grown free from crown-gall bacteria for 
3 or 4 months. A few injuries received in transplanting became 
infected when the soil was inoculated 3.5 months after the time of 
transplanting. Practically, however, this procedure furnished an 
adequate control against this kind of infection. Injury caused by 
root-feeding arthropods was guarded against in the 1927-29 experi- 
ments by setting the pots or boxes on planks held 3 feet above the 
greenhouse floor by wmoden supports 4 inches square. The boxes or 
pots were held three fourths of an inch above the surface of the planks 
by wooden supports 1 by 2 inches. In the experiments conducted in 
the 1930 season, protection against arthropods was attained by steam 
sterilization of the soil used, disinfection of plants and containers, and 
enclosing the plants and their containers within cheese-cloth cages. 
The plants that were not guarded against root-feeding arthropods 
were held on the ground (covered by a dense growth of weeds and 
sod) outside the greenhouse or on the soil floor within the greenhouse. 

In the experimental procedure the three main groups of plants were 
subjected to the variations in conditions shown in tables 7 and 8. 


Table 7. — Influence of (1) injuries caused chiefly hy root-feeding arthropods and 
{2) the presence of crown-gall bacteria in the soil on crown-gall infection of red 
raspberry, 1927-29 


Total plants 

! Injuries caused by-— 

1 ^ 

Crown-gall bacteria 
in soil i 

Infections 
per plant 
(average 
number) 

Transplanting 

Root-feeding arthro- 
pods 

36 

Present 

Present 

Present - 

6.1 

.0 

.2 

18 „ ■ 

do - - - — 

do-^ 

None 

25 . 

None.-- - -.i 

None - 

Present 






Table S.— Influence of injuries caused chiefly by root-feeding arthropods on devel- 
opment of crown gall on red raspberry plants grown in inoculated soil in 1939 


Plants 

grown 

Conditions of growth 

Injuries caused by 

'Crown-gall ■ 
bacteria 

Galls 
per plant 
(average 
number) 

1 

1 Place 

Time of trans- 
planting 

1 . ■ ■ 

Transplanting 

Root-feeding 
: arthropods 

'274-. -----I 

Field— 

Early" 

Present-- - .. 

1. . . 

Present - 

-Present-. J 

4.8 
2.5 
■ 2.4 
.3 
.2 

■ ^ 

47.-.-.-. — ,,| 

—-.do——--. 

Late’’^-— i 


... do— 

-----do— .---v-.-i 

27---- : 

39- — . 

91..,-, 

Greenhouse. . .! 

---.-do.-. 

.....do- 

-----do— 

.....do...---,-. 

..—-do....,--.. 

—do— 

do— ----- 

None.... 

-..-do- 

-----do - 

None 

—.—do.' ■ 

None--,,-.---.- 
Present 








« For a more detailed record of these plants see table 6. 

^ Latham plants were used in all the greenhouse series and in the group of plants transplanted late in the 
field. ■ . , , 
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Tlie results of the first series of experiments made in the seasons of 
1927 to 1929 are siiiiimarized in table 7. Infection was present only 
on those plants subjected to both injury and the crown-gall bacterium. 
Four infections occurred on plants subjected to inoculiiiii and guarded 
jigainst jiiechanical injury caused by arthropods and against the effect 
of injury received in transplanting. These galls were 3 mm or less in 
diameter when the plants were harvested, and occurred at points of 
contact of root surface and the glass sides of the root-observation 
boxes used in the experiment. It is probable that these infections 
took place through minute abrasions of the root surface caused by 
sand grains. When pressure was applied to the doors covering the 
glass sides of the boxes, sand grains might have been forced into the 
roots at these points of contact. Infection occurred in 90 percent of 
the iiij lilies caused for control purposes on the underground parts of 
these plants just prior to the inoculation of the soil. Of 201 injuries 
caused to these plants at various intervals up to 21 days prior to the 
application of inoculiim to the soil, 134 were galled at the close of the 
growing season. From the ready response of the plants to inoculation 
and of the injimes caused on these plants to infection (table 5) it is 
apparent that the lack of infection at other points than those inten- 
tionally injured or inoculated could not be attributed to the late appli- 
cation of inoculum to the soil in which the plants were grown. The 
results of these experiments indicate that there are no natural openings 
through wliich infection takes place in early autumn on the under- 
ground parts of the red raspberry. 

These experiments were repeated on a larger number of plants in 
1930. The methods used and the results obtained were essentially 
the same (table 8). The first set of plants used in this experiment 
was stunted by lack of adequate drainage in the new type of root- 
observation box used, and a second series was planted in the same 
boxes in early June after this defect in construction had been corrected. 
The smaller amount of infection on the plants in this series subjected 
to both injury and crown-gall bacteria is believed to have been due to 
the lower vitality of the plants, which resulted from late transplanting. 
Under field conditions in inoculated soil the amount of infection that 
occurred on a number of the same lot of plants was practically equal 
to that found on the plants exposed to inoculum and arthropods in 
the controlled series as previously described. 

lOTLUENCE OF ROOT-FEEDING ARTHROPODS 

Many observations suggest that root-feeding arthropods cause most 
of the injury to the underground parts of the raspberry through which 
crown-gall infection occurs. Injuries caused by such arthropods 
have been found in every planting of raspberries studied by the writer 
at Madison, Wis. In some plantings 86 percent of the plants were 
■visibly injured in this way. Crown-gall infection frequently occurred 
at such points of injury to the iindei^round parts of plants grown in 
inoculated soil, but most of the injuries did not become infected; 
The injury appeared to be caused by a number of root-feeding arthro- 
pod forms. 

The injury found on the plants was of several types, ranging from 
very minute, abrasions of the surface of delicate rootlets to severe 
pruning of lateral roots at the crown of the plant and decortication of 
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the imdergroxind stem and larger roots. The more insignificant types 
of injury appeared on tiny roots and could be detected with the naked 
eye only by the most minute and careful examination (fig. 3, A). 
On the smaller roots (2 mm or less in diameter) cortical incisions were 
frequently abundant. These occurred singly (fig. 3, i) or in series 
close together and appeared as dark brown parallel lines at right 
angles to the longitudinal axis of the root (fig. 3, /, J, N), Occasion- 
ally the smaller roots were decorticated for short distances (fig. 3, K) 
or had small shallow cavities gouged out of their surfaces (fig. 3^ 

Fj Gj M, 0) . These lesser injuries were characteristic of those found 
on plants grown on the low reclaimed soil of the marsh described in 
an earlier section of this paper. The most conspicuous type of injuiy 
was found on plants grown on the well-drained sandy-loani plots and 
consisted of large shallow^ cavities gouged out of the larger roots and 
the underground portions of the stems (fig. 4, A to E). Besides sucli 
injury, many branch roots, often 50 percent or more, were completely 
severed from the plant (fig. 4, F), This type of injury was not ob- 
served during the seasons of 1928 and 192^ The majority of the 
plants grown on the sandy-loam soil in 1930 were injured in this 
manner (table 6), 

Crown-gall infection developed on a large percentage of injuries to 
the underground parts of red raspberrry plants grown in inoculated 
soil (figs. 3 and 4). Usually after several months of development the 
galls had completely obscured the injury through which the infection 
took place. Gall development obscured within a few" weeks the smaller 
injuries through which infection occurred (fig. 3, -^1 to H, N to 8). 
In the seasonal-development study discussed later there was no indi- 
cation of the manner in wdiich infection occurred in over 95 percent of 
the galls. The injuries through wUich infection entered the plants 
grown in the reclaimed marsh soil were of an inconspicuous type (fig*3). 

In two types of experiment, involving the exclusion and inclusion of 
arthropods, respectiyely, it has been shown that root-feeding arthro- 
pods cause the injuries through which crown-gall infection occurs on 
the raspberry. In the exclusion experiments, groups of Latham red 
raspberry plants were grown in inoculated soil from some of w^hich 
arthropods were excluded and from some of w"hich they were not 
excluded. The methods have been already described. Wlien no 
precautions were taken to exclude root-feeding arthropods from these 
plants, infection occurred as abundantly as under the usual field 
conditions. When the plants were protected from such arthropods 
in the soil in which they were grown no infection w^as observed (tables 
7 and 8). The field observations and experimental results indicate 
that under ordinary conditions root-feeding arthropods are the chief 
factor in creating the injuries through which crown-gall infections 
occur. In these experiments no attempt was made to ascertain what 
arthropod species caused the injuries in question. 

The arthropod-inclusion experiments consisted in confining root- 
feeding species (1) to limited areas of root surface and (2) to the soil 
in the container in which the plants were grown. The arthropod 
forms used wrere click-beetle larvae (Elateridae), millepedes (Dip- 
lopoda), and white grubs (P%Zi!ojpM^a sp.). In the first type of 
experiment the larvae were confined to short uninjured lengths of 
lateral roots from 1 to 3 mm in diameter, by enclosing a length of 2 to 
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Figure S.-— RepresemtatiTe injuries caused by root-feeding arthropods on roots of Latham red raspberry 
plants grown in the field in soil inoculated with Ph^omoms tumefaciens. Crown-gall infection was 
found commonly on these plants in association with injuries caused by root-feeding arthropods. Crown 
gall has developed from infection through a number of injuries shown. Injuries: -4, Minute abrasions of 
the root cortex (upper half of figure) at top of stem, barely visible to the naked eye; B, C, E, P, 0, M, O, P, 
small shallow cavities chewed from the roots; i, J, JV*, multiple incisions in the roots; JiT, decorticated small 
lateral roots. Infections: iT, Crown-gall overgrowth just appearing from infection through injuries; 
C, 0, Rf crown-gall overgrowth is rapidly obscuring the injuries through which infection occurred; 

H, L, S, lower A, F,J, upper Jkf, crown-gall overgrowth has obscured the injury through which infec- 
tion occurred; Q, R, S, stages of crown-gall formation after infection through injuries caused by a scalpel; 
H, circular depressions have resulted from the feeding of grubs on a crown gall. Scale of enlargement: 
K, X 1; Q, R> SfX2; C, P, XZ; G, O^P^Xi; B, E, FjM, JSf,% 5; A, t, X7. 




4 indies of one or several sndi roots in a wire screen. The wire screen 
used was of brass (100 meshes per square inch), and ivas sewed with 
brass wire in the form of a tight sack, 4 by 3 by 1.5 inches, about the 


Figuee 4, —Typical white-grub injury on the roots of raspberry plants. Crown-gall infections were usually 
associated with this type of injury in 1930 at Madison, Wis., on all raspberry plants grown in the held in 
soil inoculated with Phytomonas tumefadens. Injuries: Shallow to deep cavities were gouged by white- 
grubs, PhyUophaga sv., from the larger roots, and the underground portions of the stem of both red (U, 
jB, F) and black (C\ D, E) raspberry varieties. Frequently 50 percent or more (F, left) of the lateral 
roots were eaten from plants in field plots. A, B, Injuries caused by grubs on the roots of Latham red 
raspberry plants grown in a container of inoculated soil in which white grubs had been placed. Infections; 
B, Crown-gall development at top not perceptible from infections through injury; A, C, Barely percep- 
tible at the injury; D, rapidly covering the injury; and B, E, obscuring the injury. F, Representative 
root system of a series of plants grown in the greenhouse in pots of inoculated soil and subjected to the 
following conditions: White grubs were placed in the soil (left) and root-feeding arthropods were excluded 
from the soil (right). Crown-gall infection has occurred through several of the injuries caused by the 
grubs. No injuries and no infection occurred on plants from which arthropods were excluded. Scale 
of enlargement: .4, J3, D, and F?, X 2; C, natural size; F, natural size. 


roots. Tbe smaller spaces aroimd the points where the roots pro- 
truded from the sack were stuffed with glass wool. Two wireworms 
were put into each of two such wire-screen sacks, wdiich w^ere then 

68593-34 — ^-2"', 
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filled with soil and sewed shut. One millepede was put into each, of 
tw^o otiier screen ca$^'es. One white grub wa,s put into ea,eh of four 
similar root enclosings. The soil in the sacks was then inoculated by 
applTins: to the soil of the root-observation boxes used a. suspension 
of cinwn-gall bacteria. Six weeks later the screen cages were removed 
and observations were made. The roots in one of the wire worm cages 
were not no ticeablv injured. In the other, one side of the root enclosed 
was decorticated for a length of 2 inches and crown-gall infection had 
developed at two points along this area of injury. Since the injury 
extended past the end of the screen cage, it is possible that it may have 
been made in fastening the cage about the root. The millejrede in 
one cage had decorticated the root in two places, no infection had oc- 
curred, and the root had died. The white grubs had eaten all the 
roots enclosed within each of the four screen cages in which tliey had 
been confined, leaving not a trace. Of the four, two escaped into the 
soil in the free space of the root-observation box. Examination 
of the roots in the box revealed injuries identical in type with those 
found on the majority of plants growm in the field in 1930 (fig. 4, A, 
B). Crown-gall infection had occurred through two of seven such 
injuries. All the arthropods employed m the foregoing studies, 
except one inillepede, were recovered alive at the close of the study. 

A further experiment was made in which white grubs were placed 
at large in pots in which disease-fine raspberry plants were growing. 
The soil was then inoculated, as was the soil in which a control group 
of plants were growing. The control group was protected from all 
arthropod forms. In each group there were ten 6-inch pots, each 
contaming two plants. Six weeks after twn large white grubs had 
been placed in each of the pots of the first group and the soil of both 
groups had been inoculated with a suspension of crown-gall bacteria, 
all plants were washed free of soil and examined. Of the 20 plants 
grown in pots in which grubs had been placed, all were conspicuously 
injured. Large shallow cavities had been gouged from the under- 
ground part of the stem and the larger roots. Frequently the roots 
had been either chew'ed completely off or about half eaten away for 
a length of 1 to several inches. The lateral roots of smaller diameter 
had been largely eaten away (fig. 4, F). Of these 20 plants 7 had de- 
veloped crown-gall infection at the points of white-grub injury, witli 
an average of 3.6 galls per plant; 2 of the remaining 13 had (lied. No 
injuries were foimd on the underground parts of the plants in the 
parallel group that had been protected from all arthropod forms, and 
no crown gall developed on these, though both groups had been ex- 
posed alike to inoculum. The injury caused by these grubs was 
identical with that found on plants grown in the inocidated field 
plots in which white grubs were found in abimdance (fig. 4, B to E; 
table 6). hrom these experiments and observations it is concluded 
that in 1930 while grubs caused most of the injury through which 
crown-gall infection developed on raspberry plants grown in inocu- 
lated soil at; AIadison,.Wis. . 

INCUBATION PERIODS 

During the studies, already described, on the length of time wounds 
reniiun open to infection, variation in the incubation period of crown- 
gall iniections on the undergraiind parts of red-raspberry plants was 
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observed to occur. This variation appeared to be correlated with 
(1) the general condition of the host plant in response to environ- 
mental factors, particulaiiy those relating to the season, and (2) local 
variation within individual plants due to differences in age and vigor 
of roots. It was observed that ovei‘growths of appreciable size ap- 
peared within 11 days after inoculations made on August 23 (table 5), 
whereas inoculations made on October 4 did not indiice appreciable 
overgrowths until 3 weeks later. From the data recorded in table 5 
it is clear that many inoculations which had not induced macroscopi- 
cally visible overgrowths 3 to 4 weeks after the application of inoculum 
developed such overgrowths later. In these studies the incubation 
period of crown-gall infections on the roots of the red raspberi^^ was 
observed to range from 11 days to more than 4 weeks. 

A knowledge of the prolonged incubation period, which appears to 
lengthen as the plants approach the dormant condition, and of the 
relatively long period in which injuries to the iinclergroimd parts of 
the red raspberry may remain subject to infection by crown-gall 
bacteria, is important in understanding the incipient stages of infec- 
tion b}?- which the disease is disseminated to new areas. 

SEASONAL DEVELOPMENT 

Little has been reported heretofore concerning the time at which 
crown-gall infection occurs, and the course of the development of this 
disease on the red raspberry has remained obscure. From seasonal 
development studies reported herein it was found that crown-gall 
infection occurred (1) at random on all imdergroimd parts of the 
plants and (2) at a practically uniform rate throughout the course of 
the twm seasons studied. 

For a period of 2 years a study was made of the seasonal develop- 
ment of crown gall in a planting of Latham red raspberries. All the 
plants studied were without maci'oscopically visible infections when 
they were planted in a field plot of inoculated Clyde silt-loam soil. 
The plot was inociilated 1 day before planting by mixing into the 
upper 9 inches of soil a suspension of crown-gall bacteria applied at 
the rate of 1 pint per square foot of soil. The suspension used w^as 
made and applied as described earlier for the overwdntering studies. 
From time to time during the season in which these plants were set out 
and during the following season a number of plants were dug at 
random from the plot and their condition with regard to the disease 
wurs recorded. Each plant was w^ashed free of soil particles in a 
stream of water, and all its parts were then examined minutely for 
macroscopically visible infections. In this way all visible galls on the 
plant w^ere recorded with notations as to their size and pcsition. 
From 40 to 75 plants were examined and discarded at each observa- 
tion. The data obtained from this study are presented in condensed 
form in tables 9, 10, and 11, and in figure 5. 
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Table 9. Seasonal demlopment of croitm. gall on underground parts of red raspberry 
plants gro wn in inoculated soil, 19^28-29 


Date 


■ 1928 

June, 6 .,.,,. 

June 23 

Inly 

July 27.,.. 

Auz. 17 

Sept. 17-.... 
Oct, 28.... 

' 1929 

June 1 

Aug. L.__ 
Nov. 1 


Length 
of time 
after 
planting 

Plants examined 

Total 

, 

! 

Infected 

Weekei 

Number 

i 

Percent 

3 

40 

20 

5 

; 40 

26 

7 

i ■ 76 

56 

10 

40 

68 

1-3 

" ■ 75 

SO 

IS 

■ ,',.75 

91 

■ . 24 

75 

92 

, £5 

50 

90 

64 

50 

94 

78 

60 

96 


Galls present 


Total 


Niimbtr 

8 

11 

68 

61 

218 

247 

402 


285 

«271 

302 


Average 
per in- 
fected 
plant 


Number 
1.0 
1. 1 
1.6 
2.2 
3.6 
3. 6 
5.8 


&3 

5.7 

6.3 


Distribution according to indicated 
diameter 


0.6 to 

2 mm 

2.1 to 

5 mm 

5.1 to 

10 mm 

Number 

Number 

Number 

3 

2 

3 

8 

1 

2 

49 

8 

7 

28 

15 

11 

54 

67 

68 

36 

1 83" 

61 

66 

; ^ 

105 

34 

■ 1 

m 

133 

3 

54 

110 

12 

I ^',24 

180 

I ' ' 


Larger 
than 10 
mm 


Number 

0 

0 

6 

7 

29 

67 

132 


43 

34 

86 


«v uuiuuci: ui Maiis nere moiu 
detected only by, sears left on the roots. 
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Table 10 . — 'Size and location of crown galls observed during the first season on 
underground parts of red raspberry plants grown in inoculated soil, 1928^ 


Location and size of crown galls 


Length 
of time 
after 
planting 
(weeks) 

Galls of indicated diameter on 
stem 

Galls of indicated diameter on 
branch roots larger than 2 
mm 

Galls of indicated diameter on 
branch roots less than 2 
mm 

0.5 to 

2 mm 

2.1 to 

5 mm 

5.1 to 
10 mm 

Greater 
than 10 
mm 

0.5 tc 
2 mm 

2.1 to 

5 mm 

5.1 to 
10 mm 

Greater 
than 10 
mm 

0.5 to 

2 mm 

2.1 to 

5 mm 

5.1 to 
10mm 

Greater 
than 10 
mm 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

An. 

3- 

2 

2 

2 

0 

1 

0 

1 

0 

0 

0 

0 

0 

5 

2 

1 

2 

0 

2 

C 

0 

0 

4 

0 

0 

0 

7 

6 

2 

3 

3 

2 

4 

3 

2 

41 

2 

1 

0 

10 

C 

1 

5 

4 

7 

11 

4 

3 

21 

3 

2 

0 

13... 

1 2 

10 

17 

10 

21 

20 

25 ’ 

15 

31 

37 

26 

■ 4 

18 ' 

I 0 i 

11 

14 

19 

6 

24 

25 

43 

30 

48 

22 

5 

24... 1 

4 

1 1 

12 

10 

39 

16 

37 

64 

74 

46 

i 50 

31 

19 


For dates of observation, number of plants examined, number of infected plants, and total number of 
galls observed, see table 9. 


Table 11. — Size and condition of crown galls observed during the second season on 
underground parts of red raspberry plants grown in inoculated soil, 1929 ^ 


Date of observation 

Condition of galls 
observed 

Total 
galls ob- 
served 

Average 
galls per 
plant 

Distribution of galls according to 
diameter 

0.5 to 2 
mm 

2.1 to 5 
mm 

5.1 to 10 
mm 

Larger 
than 10 
mm 



Number 

Number 

Number 

Number 

Number 

Number 

June 1 

fTjivinpr 

132 

2.9 

28 

34 

53 

17 


iDead 

153 

3.4 

6 

25 

78 

44 

Aug. 1 

n dvinp 

123 

2.6 

2 

41 

57 

23 


iDead 

«> 148 

3.1 

1 1 

13 

53 

11 

Nov. 1 

f Tiivinp 

170 

3.5 

12 1 

19 

107 

32 


IDead 

132 

2.8 I 

0 

5 

73 

! 54 

1 


« The number of plants examined, number of diseased plants, and the average number of infections per 
plant are given in table 9. 

70 galls which had disintegrated to the stage where their presence could be distinguished only by the 
sears that their decay had left on the roots could not be recorded as to size. 


As an ecological check, two smaller plots of Miami sandy loam were 
inoculated and planted at the same time as the silt-loam plot described 
above. These smaller plots were situated on a gentle slope about 1 
mile distant from the drained low marshland on which the silt-loam 
plot was located. The same soil treatments and the same plant 
materials were used in both experiments. The plants in the smaller 
plots were not examined until the close of the second season, however, 
at wliich time all were harvested and a detailed record was made of 
their condition with reference to the disease. The comparative record 
of the development of crown gaU on plants grown in these inoculated 
sandy-loam and silt-loam soils is shown in table 12. 
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Table 12 . — Companion of crown galls found on red raspherry plants grown in 
sandydoam and in clay-loam inoculated soils ^ 


Distribution according to diameter of crown galls 


Age of plants 

Plot 

DO. 

Total 
plan I s 

Ill- 

fee ted 

Total 

sails 

age 

galls 

per 


Living 



Dead 





plants 


in- 

fected 

plant 

0. 5 
to 

2 mm 

2.1 

to 

omm 

5. 1 
to 

10 turn 

Larger 

than 

10 Him 

0. 5 
to 

2 mm 

2. 1 
to 

5 mm 

5. 1 
to 

10mm 

Larger 

than 

10 mm 

2-year plants: 


1 No. 

' PrL 

Wo. 

No. 

No. 

Wo. 

No. 

No. 

'Wb. 

iVo. 

No. 

No. 

'Sandy loam 

22 

37 

i *11 ■ 

‘ 95 

94 

285 

1 1i283 

i 8.1 

j g g 

32 

51 

28 

53 

94 

ns 

31 

61 

0 

2 

49 

49 



Clay loam..-, 
i-year plants: : 

.111 

I O'f. 

\ 50 

i % 

302 

6.3 

12 

19 

107 

32 

0 1 

5 

73 

54 

Sandy loam. 

22 

2S 

57 

35 

1 2. 2 

14 


9 

6 

0 

0 

0 

0 

Do 

21 

m 

; 67 

1 131 

1 






i 



Clay loa 2 iL.--l 

M 

1 ■ 94 

i 17 

22 

i 1.4 

3 

i ' 2 1 

13 

1 

0 

0 

0 

0 


a Bata were recorded at time of harvesting the plants at close of second growing season subsequent to 
planting in inoculated soil, 
fc No record was made of the condition of these galls. 

No record was made of the condition or size of these galls. 


A furtlier cheek to ascertain the number of undeveloped infections 
that these plants carried when shipped from commercial nursery 
storage was made in parallel plantings on sandy-loam plots that had 
been steamed. These plots were at a slightly higher level and were 
adjacent to the inoculated sandy-loam plots described above. The 
development of the disease on the plants in these steamed plots has 
been discussed already. All plots were planted from a shipment of 
Latham red raspberry plants received from a nursery in. May 1928. 

The follovdng is a summary and brief discussion of the results of the 
study of the seasonal development of crown gall on red raspberry 
plants growm in inoculated soils. 

Infection occuiTed at all times and at a practically uniform rate 
throughout the entire growing season. 

The number of plants sliowing crown-gall infection increased 
rapidly from 20 percent in early June of the first season (an increase 
at that time of 5 percent over the controls planted in the steamed 
beds) to about 90 percent by the middle of September. The number 
of diseased plants then gradually increased to 96 percent by tlie close 
of the second season (table 9, fig. 5). 

The number of infections per plant increased steadily and at a 
practically uniform rate throughout the growing season This in- 
crease appears as a relatively uniform progression when the number 
of infections is plotted against time (fig. 5). The average number of 
infections found per diseased plant in June was 1.0 as contrasted with 
5.8 at the close of the season. In June of the second season a maxi- 
mum of 6.3 infections per diseased plant was reached. Although new 
infections continually appeared during the second season (table 11) 
the number of galls found per diseased plant remained about constant. 
This may have been due in part to decomposition of galls formed as a 
result of infections that occurred during the first season. 

Infection appeared to occur at random on all underground parts 
(fig. 6). It did not seem to be confined to any particular develop- 
mental phase or portion of the plant. On the^ndergroimd section 
of the stem, on the branch roots of large or small diameter, infection 






Figure <}.— Typical crown gall on the roots of Latham red raspberry plants grown in the field in soil inocu- 
lated with Phytomonas tiimefaciens. This type of crown gall occurred on t he roots of over 95 percent of the 
plants grown under these conditions. Aerial portions of the plants were atfeeled very rarely— less than 
0.2' percent of •■allplants grown.' ■ 
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occurred alike and contiiiiiously tlirougiiout the season (table 10). 
As discussed in an earlier section, infection appeared with greatest 
frequency on those underground portions of the plant within 4 inches 
of the surface of the soil. 

Infection was repeatedly observed to have taken place through 
injuries caused by root-feeding arthropods. 

The disease developed more extensively on plants grown on the 
higlier well-drained sand}* loam (table 12) than on plants grown on the 
reclaimed silt loam of the marsh. At the time of harvesting, the 
disease seemed from general observation to be more severe on the 
plants grown in the sandy loam. That the disease did develop more 
extensively on the plants in these plots is apparent from the compara- 
tive record (table 12), from which it is shown that: 

The number of first-year plants diseased was 57 to 67 pei'cent, 
respectively, for the sandy-loam plots and 17 for the silt-loam plot; 
the average number of infections per diseased first-year plant was 2.2 
and 5.4, respectively, for the sandy-loam plots, and 1.4 for the silt- 
loam plot ; the average number of infections per diseased 2-year plant 
was 8.1 and 8.8, respectively, for the sandy-loam plots and 6.3 for the 
silt-loam plot ; toward the end of the second season the rate at which 
infection was occurring in the sandy-loam plots was about three times 
that in the silt-loam plot. This rate is a function of the number of 
0.5 to 2.0 mm galls found on the plants at any observation. 

SUMMARY 

Crown-gall bacteiia are given off continuously from the surface of 
living crown galls under suitable moisture conditions. 

Crown-gall bacteria were found to overwinter in the soil of fallow 
fields at Madison, ^^"is., and to exist in a path.cgenic state for 14 
montlis in imsterilized soil held free from the grcw’th of seed plants 
under nursery storage conditicns. 

Crown gall is carried from the nursery to new areas as incipient 
undeveloped infections on the raspberry that cannot be detected by 
inspection. 

Crown-gall infection was found to occur at a practically uniform 
rate throiighout the course of the growung season on red raspberry' 
plants grown in inoculated soil. 

Crown-gall infection occurs on the raspberry only through injuries. 
No infection was found on plants wdrich w*ere exposed to inoculum 
but the underground parts of wdiich were protected from injury. 

Injuries on the underground parts of the red raspberry remain 
subject to crown-gall infection for a relatively long period." A large 
percentage of the injuries studied became infected when inoculum 
was applied to their surfaces 3 weeks after the injury was made. 
A small percentage of those studied became infected when inoculum 
was applied to them 7 weeks after the injury was made. 

The incubation period of crown-gall infection on the underground 
parts of the red raspbeny was found to vary from 11 to more than 28 
days as a result of environmental conditions, chiefly seasonal. 

In these investigations root-feeding arthropods caused most of the 
injuries through which crown-gall bacteria entered. The injuries 
found on the underground parts of the plants probably were caused 
by a number of species of arthropods. White grubs caused most of 
the injuries through w^hich infection occurred in 1930. 
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CHROMOSOMES IN HYBRIDS BETWEEN EUCHLAENA 
PERENNIS AND ZEA MAYS > 


By A. E. Longley 2 

Associate botanist^ Division of Genetics and Biophysics, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

Hybrids between maize {Zea mays L.) and perennial teosinte 
{Euehlaena perennis Hitchc.) offer a favorable opportunity to follow 
the behavior of triplicate sets of chromosomes in a triploid hybrid. 
Maize, the diploid parent, has been carefully analyzed both geneti- 
cally and cytologically. Perennial teosinte seems to be unquestion- 
ably a true tetraploid. Its tetraploid character is evident from (1) 
the prevalence of tetravalent chromosomes at diakinesis observed by 
Randolph ^ and by the writer; (2) the X-ray experiments of Randolph 
who obtained from the 20-chromosome annual Euchlaena a 40- 
chromosome perennial plant very like E. perennis) and (3) genetic 
studies which show that Fi teosinte-maize hybrids contain three sets 
of homologous chromosomes. Although extensive genetic studies 
were carried on in conjunction with the cytological studies, the present 
paper treats only of the chromosomes as found in Fi and later hybrid 
generations. 

The first plants of perennial teosinte were found in Mexico by 
Hitchcock in 1910 and were introduced into this country by Collins 
( 4 ) in 1921. The first hybrid with maize was made early in 1922 by 
C. G. Marshall. The breeding has been done largely at the United 
States San Diego Acclimatization Garden at Torrey Pines, Calif., 
where the more promising perennial hybrid forms are maintained in 
permanent plantings. The methods of crossing have been similar to 
those used in corn-hybridizing studies, but to bring plants with very 
different flowering dates into flower at the same time, plantings were 
made at different seasons and late-flowering plants were frequently 
given an artificial short day. 

The cytological material, which had been collected just before the 
tassel emerged from the leaves, was put in Carnoy^s killing fluid for 
half an hour; this fluid was then poured off and the material was 
covered with absolute alcohol. Material preserved in this way is 
generally satisfactory for the determination of chromosome numbers 
by the use of the acetocarmine smear method. 

CHROMOSOME BEHAVIOR IN POLLEN MOTHER CELLS 

The hybrids between maize and teosinte that were used in this 
study were Fi, F 2 , back crosses, and more complicated crosses. The 
determination of the chromosome numbers of individual plants was 

1 Received for publication Feb. 2 , 1934; issued July 1934. 

s Tbe writer expresses bis appreciation to C. G. Marsball, of the Division of Cotton and Other Fiber 
Crops and Diseases, Bureau of Plant Industry, U.S. Department of Agriculture, for material assistance 
and cooperation in the work herein reported. 
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most i*eadiiy made at the first-division anaphase. Figure 1, A~D 
shows this phase in an Fi, a: back cross, a back cross again back- 
crossed to maize, and a seif of a back cross, respectively. 


hybrids: .4, 30 chromosomes of an plant; B 29 
of a selfed haefe: cross. -4 X 1,900; X 1,200. ^ ^ crossed with maize; n, 35 chromosomes 

, bivaient chromosomes have divided and the uni- 

that a cSo'f with the halves of the bivalents, so 

a few of the univalents may be 
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of division. Even at this stage the character of the dividing univa- 
lents is such that they are not mistaken for bivalent chromosomes. 

In 1924 the writer {IS) reported the number and some of the char- 
acteristic features of the chromosomes in the developing pollen mother 
cells-of Fi plants of crosses between Euchlaena perennis md Zea mays. 
Since that time additional material has been available, and it has been 
found that with one exception, referred to later, all plants have 30 
chromosomes, the sum of the haploid chi'omosome numbers of the 
two parents. 

The behavior of the chromosomes in these hybrids during meioses 
of the pollen mother cells has been found to be that already described 
(13), except in a few minor details. A closer examination of the dis- 
position of the univalent chromosomes, which are usually scattered 
on the spindle at the time the bivalent and trivalent chromosomes 
form the first-division metaphase plate, shows that many of them 
move undivided to the poles with the halves of the divided chromo- 
somes. However, one or more of the univalents frequently will be 
found at the plate region when the divided chromosomes are in the 
anaphase, and at late anaphase these univalent chromosomes will 
divide. Except for the occasional undivided univalents or halves of 
univalents that are too far afield, the two daughter nuclei include the 
divided halves of the bivalent chromosomes and varying numbers of 
divided and undivided univalent chromosomes. Those chromosomes 
that fail to be included in the daughter nuclei are left in the cytoplasm 
to form micronuclei or to degenerate. 

The second division is much more regular than the first. Only the 
halves of univalents present cause any appreciable abnormalities. 
Their position on the metaphase spindle is indefinite and their dis- 
tribution is at random to the two poles. 

The chromosome behavior during meiosis of the pollen mother cells 
of later hybrid generations is in most respects similar to that observed 
in El hydrids. The chromosome numbers in F 2 , in back crosses, and 
in others of the more complicated hybrids are likely to vary for each 
individual. The chromosome complement of such plants will be made 
lip of chromosomes derived from the two parents. The number from 
either parent is iinpredictable, and unfortunately cytological study 
has not yet developed any method of differentiating the chromosomes 
of maize from those of teosinte. 

Camera-kicida drawings were made as a record of the chromosomes 
of each plant, since the temporary slides could not be preserved for 
any appreciable time. The drawings of first-division anaphases gave 
an opportunity to study the distribution of chromosomes to the two 
daughter nuclei resulting from the first meiotic division. 

The distribution of the chromosomes in an Fi hybrid seems gener- 
ally to show that of the 3 sets of 10 chromosomes present 2 sets pair 
regularly and 10 chromosomes go to each pole, whereas the chromo- 
somes of the third set are distributed at random to the two daughter 
nuclei. Figure 2, A, shows 10 bivalents, 1 pair of loosely associated 
chromosomes, and 8 univalents. In plants of later hybrid generations, 
however, the number of regularly pairing chromosomes may be more 
than 10, since a plant may have 4 or more homologous chromosomes 
instead of just 3 as in Fi hybrids. Figure 2, jB and C, shows cells 
having 22 chromosomes. In 5 all chromosomes are paired, and in C 
there are 10 pairs and 2 univalents, suggesting that in the former 
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there are 4 lioiiiologous chromosomes present, whereas in the latter 
the 2 unpaired chromosomes are not homologous. 

The genetic data hare shown that in Fi plants and in back m'osses 
on maize aiitosyndesis is the rule and allosyndesis the exception, so 
that in Fi hybrids the unpaired chromosomes are from maize, whereas 
in plants from back crosses on maize the unpaired chromosomes are 
from teosinte. 

Table 1 gives a comparison between the numbers of chromosomes 
that go to make up the daughter nuclei resulting from the first 
meiotic division of 30-chromosome hybrids and the numbers calcu- 
lated when 10 paired chromosomes go at random to join the 10 
divided bivalents at the two poles, i.e., the binomial expansion of 
{a-r hy^. Although the data of this table are made up from drawings 
of plants with different percentages of maize and teosinte chromo- 
somes, it indicates that the number of chromosomes between 10 and 
20 that enter a gamete depends upon chance. The binomial ex- 
pansion does not represent the chance distribution of extra chromo- 



somes in py generation folloudng Fi, for then the number of pairs 
is not limited to 10. For example, in a plant with 30 chromosomes 
it is possible to have 15 paired and no unpaired chromosomes, and in 
such a plant the distribution of the chroinosomes at the first meiotic 
division invariably will be 15 chromosomes to each daughter cell. 
To calculate an expected chance distribution of chromosomes in 30- 
chromosome plants of perjugate generations it is necessaiy first to 
calculate the ppected chmce distribution of additional pairs and 
then apply a binoinial distribution to the remaining unpaired chromo- 
somes. Distributions have been calculated for plants with 22, 23, and 
24 to 40 chromosomes, based on random distribution of the extra 
chromosomes from an unlimited number of sets of 10 chromosomes. 
The observed distributions of chromosomes in many of the plants 
with a few extra chromosomes are sufficiently close to the calculated 
distributions to verify the assumption that in later generations the 
distribution approaches this modified distribution more nearly than 
it does the simple binomial expansion of the number of chromosomes 
above 20 j) resent in an individual. However, agreement with such 
a modihed distribution of extra chromosomes does not conflict with 




May U 1934 


Chromosomes in Hybrids Betioeen Teosinte and Maize 793 


thcvstateinent that univalent chromosomes are distributed at ran- 
dom, but is simply a more exact method of estimating the number of 
unpaired chromosomes. 


Table 1. — Distribution of chromosotnes to the 2 daughter nuclei resulting from the 
first ineiotic division of 30-chromosome hybrids 


Chromosomes 



15-15 

16-14 

17-13 

18-12 

19-11 •: 

20-10 

Obscrv'ed-- 

17 

30 

14 

9 

5 ■ 

.0 ' 

.00+ 

Calculated (a+bm - 

18.4 

30.8 

17.6 


1.5 




Number of cells with indicated chromosome 
distribution 


The data presented in table 1, supported by similar data from 
drawings of chromosomes of hybrids having chromosome numbers 



Figure 3.— First-division anaphases of teosinte-maize hybrids with aberrant chromosome numbers: A,. 
40 chromosomes from an Fi plant; S. 42 chromosomes from a plant of a progeny twice back-crossed on 
maize; C, 56 chromosomes from an Fa plant. X 1200 


other than 30, indicate that there is a random distribution of all 
unpaired chromosomes^ and that gametes are produced with all 
chromosome numbers in approximately the predictod numbers in 
each group, the number of chromosome groups depending upon the 
number of univalent chromosomes present to be distributed at 
random. 

ABEERANT HYBRID PLANTS 

In a progeny of 7 Fj hybrids grown in 1932, it was noticed that 1 
plant was markedly different frona the 6 sister plants or from any of 
the previously grown Fi hybrids.^ The ears were generally 4-rownd, 
the pollen showed very little sterility, and abundant seeds were pro- 
duced after either cross-pollination or selfing. This plant was 
found to have 40 chromosomes (fig. 3, A), The fact that it seemed 
more cornlike than other Fi plants suggested that this increase of 
10 chromosomes above that of normal Fi plants was due to the 
presence of two sets of -com chromosomes. Perhaps the most logical 

68593-34 3 
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assumption to accouii.t for the double number of chromosomes is 
tha^t doubling took place soon after fertilization; but other possi- 
bilities, such as double fertilization, make it unwise to speculate. 

Emerson and Beadle (6) have described a similar aberrant Fi plant, 
and the present plant agrees very closely with their description. Such 
plants, as they suggest, may offer possibilities for genetic and cyto- 
iogical studies. 

A small F 2 population from the aberrant plant was grown. The 
plants were very uniform in appearance, and chromosome counts 
showed that all of them had 40 or approximately 40 chromosomes. 

A second aberrant plant appeared in a progeny twice back-crossed 
with maize. Sister plants of this progeny were found to have chromo- 
some numbers ranging from 20 to 28, whereas this plant had 42 
chromosomes (fig. 3, B). Such a high number suggests a doubling 
of all chromosomes after fertilization. Although all the experi- 
mental plants resulted from guarded pollination, outcrossing might 
explain the high number of chromosomes; but such an explanation is 
unlikel}' , since the plant had 14 more chromosomes than were found 
in the sister plant having the next highest number. To produce a 
plant with 42 chromosomes would require a functioning pollen grain 
with 24 or more chromosomes, a number exceptionally’ high for the 
pollen of any hybrid that has yet been grown. The presence of the 
wx gene further reduced the probability that the plant resulted 
from oiitcrossing, since no plants were bang grown that coidd pro- 
duce pollen grains having high numbers of chromosomes and the 
wx gene. 

Two plants, one with 56 chi'omosomes (fig. 3, C), from the F 2 
progenies of teosinte and maize, have had high chromosome num- 
bers that suggested a doubling of the chromosomes contributed by 
either parent or by both. The occurrence of these plants with 
high chromosonie numbers is in keeping with the finding of similar 
abnormal hybrid plants by investigators of other plant groups. 

CHROMOSOME MORPHOLOGY 

^ The investigations of McClintock (16) and Beadle (1) have stimu- 
lated an attempt to search the midprophase of some of the hybrid 
plants, since in many forms there are three allelomorphic chromo- 
somes and often it wmuld be vei-y useful if such chromosomes could 
be identified.^ A fe\x plants having only 21 chromosomes are known 
to be trisomic for chromosome no, 9, the chinmosome that carries 
the wx gene, and it seemed that such plants would be useful for a 
preliminary study. This study, however, has proved disappointing, 
partly because of the lack of any definite morphological knowledge 
of the ^romosome complement of Euchlaena perennis. It has not 
been difficult to identify chromosome no. 5 (of Zea) by its character- 
istic attachment to the nucleolus. A short chromosome with a ter- 
mmal toob on the short arm was quite frequently lying where it 
could be traced and drawn. This chromosome resembles McGlin- 
tock s drawings of chromosome no. 9, hut Beadle (!) has shown that 
termmai knobs are prevalent on the chromosomes of Florida teosinte. 
It seems unsafe, therefore, to ascribe a definite identification to such 
a chromosome in these hybrid plants. 



Table 2, — Chroinosomes in back-crossed and F 2 Euchlaena perennis-Zea mays hybrids 
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A disconcerting obserration of the threads of midprophases was the 
absence of imivalent threads in plants known to have one or often 
several univalent chromosomes. Beadle (1) has referred to a similar 
absence of univalent threads in hybrids of Florida teosinte and maize. 
A further stiid}^ of what seems to be very suitable material is being 
made in an attempt to definitely trace the behavior of the univalent 
chroinosomes in early prophase stages. 

CHROMOSOME SELECTION IN GAMETES 

The study of the chromosome numbers prevalent in the function- 
ing pollen and ovules of any particular teosinte-maize hybrid is most 
readily deterinined by making reciprocal crosses on maize in w^hich 
the gametes are known to have 10 chromosomes. By subtracting 10 
chroniosomes from the chromosome numbers of the plants of the back- 
crossed progeny, the chromosome number of the gametes of the hybrid 
parent is obtained. The data of tables 2, 3, and 4 summarize the 
observed chromosome numbers of the plants of these and other more 
complicated progenies. 

The data of table 2 give the chromosome counts of 26 back-crossed 
plants in which the Fj was the female parent, of 102 in which the Fi 
was the male parent, and of 140 F 2 plants. 

The mean chromosome number of the 26 plants used to determine 
the chromosome number of the functioning ovules of Fi plants is 25.3. 
If 10 is subtracted, the mean number for functioning ovules becomes 
15.3, which is just slightly above the expected mean for a 30-chromo- 
some plant. The distribution of these plants among chromosome 
groups is approximately random. 

The mean chromosome number of the 102 plants used to determine 
the chromosome number of the functioning pollen of Fi plants is 29.8. 
If 10 is subtracted, the mean number for functioning pollen becomes 
^ number far above the expected mean. The drstribution is also 
very limited, with a range of but 4 chromosomes. 

Three plants produced by using Fi pollen on EucMaena jyerennis 
have a mean chromosome number of 39.66, thus showing that the 
gametes of the Fi that functioned in their production had 19.66 chro- 
mosomes, a number that agrees very closely with 19.8 obtained from 
the larger population. 

It is_ apparent that the chromosome number of the functioning 
ovules is in agreement with the chromosome numbers observed going 
to form the daughter nuclei at the first meiotic divisions. In the 
pollen, however, there is a marked discrepancy between the observed 
chromosome distribution at the time the pollen is formed and the 
chromosome numbers found in functioning pollen. The mean chro- 
mosome number, 19.8, shows clearly that there is a tendency for func- 
tioning pollen to be restricted to gametes with 20 chromosomes. 

In the F 2 progeny the chromosome number ranges from 25 to 42, 
with a mean number of about 36. This is approximately the mean 
number expected from combining the mean numbers for functioning 
ovules pd pollen. The distribution approaches that expected from 
combining the distribution of the ovules and pollen. Three plants 
however with the chromosome numbers 25, 26, and 27, respectively! 
seem to be sufficiently segregated from the major group to suggest 
that these threo plants were produced from pollen with approximately 
lOmstead of 20 chromosomes. rr v 
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Table 3 presents the data from back-crossed plants that have been 
back-crossed a,.gain onto maize or selled. The hybrid parents given 
in this table have 30 chromosomes, and so do not difter in chromosome 
niiiiiber from the Fi plants given in table 2. The chromosome comple- 
ment has been appreciably changed, however, for instead ol the 30 
cliromosonies being 20 teosinte and 10 maize, as is found in r i plants, 
there will be approximately 10 teosinte and 20 maize chromosomes 
if aiitosjmdesis has been general. 

The mean chromosome number of the functioning ovules ot these 
back-crossed plants (having two sets of maize chromosomes in their 
ciu'oniosome complement), as measured by the chromosome number 
in plants from back crosses crossed with maize, is 13.44.^ This mean 
number is appreciably less than that found for the functioning ovules 
of Fi plants and suggests that there is a tendency in this group of 
hybrids with a predominance of maize chromosomes to develop those 
ovules mth chromosome numbers approximating the haploid 
chromosome number of maize. 

The mean chromosome number of the functioning pollen of 30- 
chromosome back-crossed plants is 17.87. This number is ^ also 
appreciably less than that found for Fi plants. The more striking 
difference, however, is the bimodal distribution shown by these 47 
plants, a distribution that was absent in the 102 plants used to measure 
the chromosome number of Fi pollen, although suggested in the dis- 
cussion of the slight bimodal tendency observed in the chromosome 
number of F 2 plants. The grouping of the chromosome numbers with 
one mode at 20.25 and another at 29.2 seems to demonstrate that 
functioning pollen tends to approach very closely the haploid chromo- 
some numbers of maize or teosinte. 

The mean chromosome number of selfed 30-chromosome back- 
crossed plants is 32.44 which is a little above the sum of the means 
of the chromosome numbers of the functioning ovules and pollen of 
back-crossed plants. The difference, however, is not significant, and 
the distribution of the plants among the various chromosome classes, 
although too complicated for a complete analysis, suggests two 
modes — one a little below 25 and the other a little below 35. 

Table 4 is made up of additional data for various hybrids. It is 
apparent that in those progenies in which the female ancestor is the 
hybrid parent and the male is maize the chromosome numbers of 
functioning ovules of the female ancestor tend to approach the basic 
number, 10; but this tendency, although apparent, is sufficiently 
flexible to allow ovules with any chromosome number between 10 and 
20 to function. Some additional data are presented to show the 
chromosome numbers of pollen of several complicated hybrids. The 
male ancestors of these progenies, largely maize in their composition, 
are found to have, in functioning pollen, chromosome numbers ap- 
proximating the basic number, 10. 

In no plant used to show the chromosome numbers of functioning 
pollen has a gamete been found having 23, 24, or 25 chromosomes— 
numbers that in many progenies would be expected to predominate. 
This is a clear indication that the chromosome numbers in functioning 
pollen are modifications of the numbers that are prevalent in the 
gametes at the time of their formation. Such modifications appar- 
ently result from a differential death rate during development or from 
a differential growth rate down the pollen tubes, or from both. 
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The data presented in table 4 to show the chromosome numbers 
prevalent in selfed progenies do not seem to merit extensive analysis^ 
but thej" do indicate a bimodal tendency that must be due in large 
measure to the differential functioning of pollen having the basic 
chromosome numbers of either the maize or the teosinte parents. 

DISCUSSION 

The foregoing data indicate that in hybrids between Euchlaena 
perermis and Zea mays pollen effective in fertilization has a chromo- 
some number approaching the chromosome number of the pollen of 
either of the ancestral forms, i.e., 10 or 20. In Fi plants, as measured 
in back crosses, there is a very marked tendency for pollen with 20 
chromosomes to effect fertilization. However, three F 2 plants with 
low chromosome numbers suggest that pollen with about 10 chromo- 
somes has occasionally functioned. 

That pollen grains with 10 chromosomes do, in fact, occasionally 
fiinctioii is substantiated by the chromosome counts made in back 
crosses of various hybrids on corn. The functioning pollen from most 
back crosses on corn has approximately 20 chromosomes, but one prog- 
eny included in the data showed that p>ollen effective in fertilization 
approached the two extremes, 10 and 20, in about equal numbers. The 
pollen from the more cornlike hybrids derived from crossing a back 
cross onto corn had invariably 10 or approximately 10 chromosomes. 

All studies made of many different types of hybrids between 
teosinte and maize have shown a complete absence of pollen with 13, 
14, and 15 chromosomes. The high percentage of empty pollen 
grains characteristic of the Fi plants indicates that there has been an 
elimination of pollen through death early in its development. In 
other hybrids, however, there is conclusive proof that after pollination 
there is a differential death or growth rate which eliminates pollen 
other than that having approximately 10 and 20 chromosomes. This 
is shown by contrasting the percentage of waxy pollen in mature pollen 
and the percentage of waxy seeds obtained when this pollen is used to 
pollinate homozygous waxy plants. 

The data accumulated to determine the number of chromosomes in 
functioning ovules tend to show that ovules are distributed at random 
among the various classes. The mean chromosome number observed 
is frequently not a significant departure from the calculated mean. 
There are, however, in some of the more cornlike progenies significant 
departures that show a tendency for the selection of gametes with low 
chromosome numbers. It seems, therefore, that in the ovules there 
is a slight tendency to favor the survival of the parental chromosome 
iiumbers, but the data are too meager to show a bimodal distribution 
even if it was present. It is evident, however, that the differential 
survival of gametes possessing parental numbers is much less marked 
in the ovules than in the pollen. 

The effect of the pronounced tendency for euploid gametes to be 
more virile— a tendency very pronouM^^ in the pollen and suggested 
in the ovules of teosinte-maize hybrids— is to produce many plants 
with 20'and'40' chromosomes. ■ 

The chromosome complement, however, in these 20- or 40-chro- 
mosome plants is profoundly affected by the prevalence of auto- 
syndesis. A hybrid with 2 sets of teosinte chromosomes will produce 
gametes with 1 set of chromosomes irrespective of the number 
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of maize cliromosomes present, or if tlie 2 sets of clirornosoiiies are 
from maize there will be 1 set of maize chromosomes in all gametes 
formed. Such a chromosome distribution leads to the presence of 
2 sets of teosinte chromosomes in all F 2 plants and 2 sets of maize 
chromosomes in all plants of selfed progenies from back crosses on 
maize. 

The number of maize chromosomes in F 2 progenies and in back 
crosses on maize and the number of teosinte chromosomes in selfed 
progenies of these back crosses depend upon the absence of complete 
autosyndesis and upon the utilization of gametes with aneuploid or 
with the diploid chromosome numbers. 

Cytologists have frequently reported that in hybrids between 
parents differing in chromosome number there occurs a differential 
survival of gametes bearing the parental number of chromosomes. 

Tackholm {21) , in his study of polyploid roses, showed that in the 
canina roses there is a marked tendency to mature pollen with a 
chromosome number near the basic number, 7. He has shown, on 
the other hand, that this class of roses makes ovules with only 7 
chromosomes less than the somatic number of the plant under in- 
vestigation. Blackburn and Harrison (2) have shown that in a 
pentaploid rose the functioning pollen has 7 chromosomes and that 
the egg cells have 28. 

The elimination of all pollen except that with 7 chromosomes is 
in harmony with the selection found in many progenies of Euchlaena- 
Zea hybrids in which only those pollen grains functioned that had 
the basic chromosome number 10 or approximately 10. 

The studies of the distribution of chromosomes in wheat hybrids 
and the number of chromosomes in functioning gametes is touched 
upon by Sax {18), In a later paper (IB) he goes more fully into the 
chromosome number of functioning gametes of a 35-chromosome 
hybrid and finds that both male and female gametes have 14 chro- 
mosomes more frequently than would be expected on the assumption 
of a random distribution of 7 single chromosomes. Thompson {22)^ 
and more recently Thompson and Cameron ( 23 ) j find that in a similar 
wheat cross there is an elimination of gametes with chromosome 
numbers between the two modes 14 and 21, which is more pronounced 
in the pollen but significant in the ovules. Watkins ( 24 ) feds that in 
a pentaploid wheat hybrid the ovules are generally fertile, whereas in 
the pollen grains there is a high degree of sterility. He finds further 
that pollen grains possessing either 14 or 21 chromosomes are more 
likely to function than those having other numbers of chromosomes. 

The random distribution of unpaired chromosomes of wheat 
hybrids at the time the gametes are formed and the later elimination 
of gametes with chromosome numbers between the two extremes, as 
described by the foregoing investigators, are very similar to the con- 
ditions found in tins study of Euehlmna-Zea hybrids. In these 
hybrids gametes with all chromosome numbers between the two 
modes are formed, but in the pollen and to a lesser degree in the ovules 
there is a marked tendency to eliminate all but the low and the high 
chromosome numbei's. 

The studies by Goodspeed, Clausen, and Chipman (70) and by 
Goodspeed and Clausen (9) of Nicotiana hybrids show^ in some cases 
that a triploid distributes its 12 univalent chromosomes at random in 



802 Journal of Agricukural Research voi. 48, no 9 


tlie first division and tliat tliere is a random^ survival oi pollen in the 
different cliroiiioso 2 iie classes at the time of fertilization. ^ 

liai’peciieriko (IJ) has found that viable gametes of Fi hybrids of 
Maphamis X Brassica (2ri = 18 chromosomes), usually have 18 .chromO“ 
soiiies — 9 BM'phaf IMS and 9 Brassica , The pollen of Fi EucMaena-Zea 
hybrids is similar in constitution to that described by Karpechenko, 
since in both cases there is reason to believe that the chroiiiosome 
coniplement of most of the fimctioning pollen is made up of one set 
from each of the parents. 

Blakeslee and Farnham (3) found that daturas having 2 / 2 +1 
chromosomes produce ovules with w, '^ 4-1, and ?i -f2 chromosomes, 
whereas practiGally no pollen that functions carries extra chromo- 
somes. McClintock (15) has shown that in Zea plants wdiich have 
extra chromosomes there is a decided selection against extra chromo- 
somes in the male gametes and a less obvious selection against eggs 
caiTving extra chromosomes. 

It is apparent that selection of gametes with clu’omosonie numbers 
approaching the basic number or a multiple of the basic number 
present in the hybrid’s ancestors has occurred in widely separated 
groups of plants. In some cases the gametes have borne the hap- 
loid number of chromosonies and in others the diploid number. In 
most cases it seems that the gametes formed represent all chromo- 
some nuinbers between the two extremes and that the selection takes 
place either by differential viability or by differential growth rate. 
One case, namely, that of the roses, has been described where the 
formation of ovules is irregular and the eggs lack only 7 chromosomes 
of the somatic cliromosome number characteristic of the hybrid. 

Where the chromosome complement of a plant is made up of 
ehromosomes in addition to the two homologous sets, the tendency 
of the fimctioning gametes to have the basic chromosome number or 
a multiple of this number must lead to the production of plants with 
chromosome numbers in multiples of the basic number and to the 
absence of plants with aneuploid cliromosome numbers. 

Indirect demonstration of the selection of gametes is seen in the 
chromosome numbers of a plant group such as Bubus (8) or other 
similar groups which are found to have chromosome numbers only 
in multiples of the basic number and in which hybridization fre- 
quently occurs between forms with different chromosome numbers. 
The lack of aneuploid forms in such groups seems to be the result 
of gametic selection favoring the parental numbers. 

If triploid hybrids utilized only euploid gametes, three groups of 
plants, namely, diploid, triploid, and tetraploid, would be found in 
the offspring. 

^ The tetraploid plants represent a fairly stable group distinct from 
either parent and contain two sets of chroinosomes of the two parents 
if autosyndesis has been the rule. Darlington (5) has stressed the 
value of such hybrids in productive plant breeding. It is true that 
in tetraploids there is a proportionate increase in genes with an 
increase in chromosomes, but a ovypt hybrid may breed true for 
many generations with only rare indications of its hybrid nature. 
If autosjmdesis prevails, a tetraploid may defy our best efforts to 
segregate and stabilize liidden genetic characters. 

Gigantism has frequently been associated with marked increase in 
chiomosome numbei's, and consequently tetraploids should be desir- 
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able in cases where gigantism is a desired factor. Tetraploid peren- 
nial teosinte, however, is no larger than the diploid annual form. 

Gregory {11) and Sinotd {20) have demonstrated that gigantism 
occurs in forms having few chromosomes as well as in forms having 
many. Frost (7) and Longley {IJf) have found that tetraploid citrus 
plants are dwarfs as compared with their diploid relatives. 

It seems to have been rather generally accepted that in isolating 
improved strains from polyploid hybrids the progenies with a large 
number of chromosomes provide the most desirable material. The 
idea may have originated from the cases of gigantism associated with 
a doubling of the chromosome number or from the fact that improved 
varieties tend to have a higher chromosome number than unimproved 
or wild stocks. 

It has been pointed out that only a small percentage of tetraploid 
forms exhibit gigantism. The two tetraploids produced in the pres- 
ent study showed no increased vigor. The increased number of 
chromosomes in improved varieties may be accounted for in another 
way. Chromosome number is a character which was not considered 
in the breeding of existing varieties but which has been observed 
since the varieties were developed. If favorable variations occurred 
in the same ratio in diploid and tetraploid derivatives but if tetra- 
ploid derivatives were more numerous, high chromosome numbers 
would predominate in the varieties finally produced. In the de- 
scendants of the maize-perennial teosinte hybrids the mean chromo- 
some number is well above the mean of the parents, but no correlation 
between chromosome number and vigor could be detected. 

The final question to consider is that of the bearing of chromosome 
number on the recombination of parental characters and the ease 
with which desired combinations can be stabilized. 

In triploid hybrids where only euploid gametes function, the iso- 
lation and stabilization of a new combination of genes is possible 
only when allosyndesis occurs in the pairing of the homologous 
chromosomes. If autosyndesis always occurs, the tetraploid segre- 
gates will combine the parental characters in heterozygous forms and 
these forms will reproduce themselves as long as autosyndesis con- 
tinues to prevail, but no new homozygous combination of genes is 
possible. When allosyndesis occum, three groups of segregates, 
namely, diploid, triploid, and tetraploid, are obtained, all of which 
combine the ancestral characters, and from any form containing the 
desired combination homozygous plants can eventually be isolated. 

Because of the formation of both haploid and diploid gametes, the 
triploid segregates are too complex to be discussed here, but the rela- 
tive advantage of high and low chromosome numbers may be esti- 
mated from diploid and tetraploid derivatives. Assuming that the 
triploid hybrid is heterozygous for two simple characters located in 
different chromosomes and that is is desired to fix a nonparental 
combmation of the characters, it follows that: 

(1) In the haploid gametes the four possible combinations of 
dominants and recessives will be represented in equal numbers, and 
in selfed F 2 individuals 1 out of 16 will be homozygous for any desmed 
combination. 

(2) In the diploid gametes there will also be four classes, but none of 
them will be pure for nonparental combinations. Three quarters or 
nine sixteenths of the selfed F 2 individuals will carry the desired com- 
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biiiatioii but the}" will not be homozygous; it will therefore be necesspy 
to grow a third or even a fourth generation before the combination 
can be obtained in a homozygous, form. 

Consequently it is apparent that a diploid segregate supplies all 
the parental combinations that may be found in a tetraploid segregate 
and offers a distinct advantage when an attempt is made to isolate 
and stabilize any particular combination. 

The behavior of Fj teosinte-maize hybiids has showm that it is 
possible to obtain from a tetraploid form a diploid form having a 
chromosome complement made up of 2 of the 4 sets of the tetraploid. 
From selling back crosses on maize, plants may be obtained having 
chromosome complements made up entirely from the chromosomes 
of the diploid parent. 

These findings suggest the possibility that diploid maize inay have 
originated from a h3^brid between tetraploid perennial teosinte and 
some unknown diploid relative. It is much simpler, however, to 
assume that this hybridization occurred between two diploid forms 
whose blended characters produced the ancestor to maize, and that 
Euchlaena perennis perhaps does not represent a remnant of a once- 
prevalent form but rather a recent tetraploid form of the widely 
distributed annual teosinte. 

In the foregoing general discussion of gametic selection in hybrids 
whose ancestors differed in chromosome number, as well as in the 
particular discussion of gametic selection in Euchlaena-Zea hybrids, 
the point is emphasized that the selective survival of gametes will 
profoundly affect the nature of the forms recovered in later generations. 
The illustrations are not perfect examples of the survival of gametes 
possessing the basic chromosome number (or multiples of this num- 
ber) of the form involved. If this tendency were perfect (and it does 
not seem unreasonable to assume that in many cases it is) its effect 
on future off*spring would be apparent. It seems probable that in 
nature this differential survival has produced as many recombinations 
with low as with high chromosome numbers. In this connection the 
occasional appearance of tetraploids must be cardinal, forming part 
of an evolutionary process that tends to keep the chromosome number 
in plant groups of recent origin no higher than those found in the 
older groups. 

SUMMARY 

The nieiotic behavior of the chromosomes in various teosinte-maize 
hybrids indicates that homologous chromosomes usually pair and that 
the unpaired univalent chromosomes are distributed at random to 
the daughter nuclei. The division of these univalent chromosomes 
occurs in either the first or the second division. 

The regular distribution of all paired chromosomes and the random 
distribution of all unpaired chromosomes result in gametes with 
various chromosome numbers ranging from the number of pairs to 
the number of pairs plus the number of unpaired chromosomes. 

The chromosome number of functioning pollen of the various 
teosinte-maize hybrids is found to approximate either 10 or 20, the 
haploid chromosome numbers of the two parents, while the chromo- 
some number of fimctioning ovules shows only a slight tendency 
toward the euploid numbers, 10 and 20. 
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An increased viability of eiiploid gametes seems to be general in 
hybrids similar to the teosinte-maize hybrids here described^ and 
the survival of gametes wdth these chromosome numbers profoundly 
affects the character of the progeny of hybrids. 

It is suggested that the diploid derivatives of hybrids offer favorable 
experimental material. If allosyndesis has occurred, even the gametes 
with the haploid chromsome number of the diploid parent will contain 
chromosomes and consequently characters from both parents. A 
diploid derivative will, therefore, combine the ancestral characters 
of the parents in a plant that seems just as promising for breeding 
material as those forms with twice as many chromosomes. 

The utilization of euploid gametes from tetraploid hybrids restricts 
the plants of their progenies to three chromosome groups; namely, 
diploid, triploid, and tetraploid. The prevalence of diploid forms 
combining the characters of the ancestors suggests that gametic 
selection has led to the production of new and eventually stable forms 
without increasing the chromosome number above that of the diploid 
parent. 
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A BACTERIAL DISEASE OF HEDERA HELIX ‘ 


By Richard P. White, research specialist, diseases of ornamentals, Deparimeni oj 

Plant Pathology, New Jersey Agricultural Experiment Station, and Lucia 

McCulloch, associate pathologist, Division of Fruit and Vegetable Crops and 

Diseases, Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In the spring of 1930 a shipment of English ivy, Hedera helix L., 
was received in New Jersey from Maryland, heavily infected wdtli a 
bacterial leaf-spot disease. These plants were grown outdoors during 
the summer, and infections failed to appear on the new growth. 
Several thousand cuttings were taken from them. In the fall, when 
these rooted cuttings w^ere potted and grown under greenhouse con- 
ditions, the disease reappeared in epidemic form, killing many plants 
and rendering the remainder worthless. Since a bacterial leaf -spot 
disease of this host had not previously been mentioned as occurring 
in the United wStates, and since under certain conditions it causes 
serious losses, investigations of its cause and nature were under- 
taken. The results are reported in this paper. 

LITERATURE REVIEW 

Lindau (5) ^ in 1894 described a bacterial leaf -spot and stem-canker 
disease of English ivy in Germany. From his description and illus- 
trations there is no doubt as to the identity of our material and his. 
No inoculation tests were attempted by Lindau. In his cytological 
work he failed to find evidence of stomatal infection and concluded 
that infection took place through the natural wounds on the stem 
caused by the sloughing off of the pubescence normally present on the 
tips of young growing stems. Rapidly growing plants were noted as 
being more susceptible than slower growing plants. 

Ainaud (I) in 1920 redescribed the disease from France, giving the 
name Bacterium hederae to the organism he isolated. Although he 
failed to describe the organism or to report any inoculation trials to 
prove its pathogenicity, his description of the symptoms again leaves 
little doubt as to the identity of the disease. 

Killian (S) in 1921 reported successful inoculations with Bacterium 
hederae Ammdj thus proving the pathogenicity of the associated 
organism. He also described gross characteristics of the organism on 
several media. The incubation period was determined as from 1 to 3 
weeks, depending on the temperature and humidity. He failed to 
obtain infection on old plant parts, even where wounded. 

The first mention of this disease in the United States was made by 
White ^ in December 1930, followed by rather complete descriptions 
in August 1931 (S),^ 

1 Received for publication Dec. 1, 1933; issued July 1934, Cooperative investigations between tbe New 
Jersey Agricultural Experiment Station and the Division of Fruit and Vegetable Crops and Diseases, 
Bureau of Plant Industry, U.S. Department of Agriculture. Journal Series paper of the New Jersey 
Agricultural Experiment Station, Department of Plant Pathology. 

2 Reference is made by number (italic) to Literature Cited, p. 815. 

3 White, r., p,.; bacterial leaf spot of hFdera helix. ' N.J, Agr. Expt. Sta.,- Nursery Disease Notes, 
3 (6): 4, 1930, IMimeographed.} 

4 diseases OF hedera HELIX. N.J. Agr. Expt. sta.,: Nursery Disease Notes 4 (1); 1-4. 1931. 

[Mimeographed.] 
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BiirMiolder and Giiterman (£) have recently described the same 
trouble on plants shipped from Georgia to New York and have 
reported synergism a,s existing between Bacterium hederae and an 
associated organism also isolated from diseased areas. 

ECONOMIC IMPORTANCE 

The ivy disease described here has been reported from two commer- 
cial nurseries in New York {2) and New Jersey, respectively, into 
wliicii it was imported on plants purchased from growers located in 
Georgia and Maryland. In 1933 it was found on out door-grown ivy 
in Yirgiiiia and in the District of Columbia. Its geographic distribu- 
tion and importance in the Southern States has not been investigated. 
Burkholder and Giiterman (^) give no data on its seriousness in New 
York, 

In New Jersey it immediately became a serious pest in the one large 
commercial greenhouse into which it was introduced in 1930, Cuttings 
taken from the stock plants were seriously infected. Over 40,000 were 
either killed outright or so severely infected that they were discarded 
as useless. Infections on plants trained into pyramids rendered them 
unsalable. Under greenhouse conditions where ivy is syringed period- 
ically the spread of the disease is rapid, owing to the dissemination of 
the bacteria from infected leaf areas and stem cankers by the water. 
Introduced on Hedera helix^ this disease has spread to several of its 
horticultural varieties being grown by this same concern and has 
persisted and caused injury and losses in spite of all efforts to check it. 

SYMPTOMS 

ON LEAVES 

Eecent infections on young leaves become evident in from 5 to 12 
days as small translucent, roughly circular spots (pL 1, -S). In the 
earliest stages these spots are very difficult to see except by transmitted 
light. As the spots enlarge, the center becomes brown to brownish 
black, dries out, and frequent^ cracks (pis. 1, A, and 2, A). Under 
conditions of high humidity an orange-red bacterial exudate may 
occur on the infected areas. The older spots are usually surrounded 
by a light yellowish-green water-soaked area, but on old foliage this 
may be replaced by a reddish to reddish-brown irregular or scalloped 
region. Infected areas on the leaves are frequently secondarily 
infected with either CoUefotrichum tricheUum (Ft,) Duke (pi. 1, D) or 
Phyllosfida hedericola Dur. and Mont. This succession of F. hedericola 
following bacterial infections has previously been reported by Nicolas 
imA Aggery (A) on Aralia japonica. 

Infection frequently takes place on or very close to a vein. Under 
such conditions the spots developing are not circular but are elongated 
in the direction of the vein, indicating possible systematic invasion 
(pi. 1, O), Heavily infected leaves usually turn yellow and fall. 

ON PETIOLES 

Direct infection of petioles is rare. The spots that develop from 
such infections are dark brown to black and enlarge rapidly in both 
directions and soon girdle the petiole, and the attached leaf wilts 
(pi. 2/ Bj ,F). Petioles frequently become infected from 




, Artificial inoculations obtained by brushing bacterial suspension on leaf with camel's-hair brush; 
B, needle-prick inoculations on young leaf after 8 days; C, artificial inoculations obtained bv needle 
pricks in veins; D, leaf with four natural infections with Bacterium hederae, one of which has been 
followed by Colletotrkhum trkhellum; E, colony of Bact. hederae on beef-extract agar; F, leaf on left 
inoculated with Bact. hederae,' center, double inoculation with Bad. hederae and culture d; right, double 
inoculation with Bad, hederae and culture k; all 4 weeks after inoculation. 
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infected leaves, however, the bacteria advancing rapidly down the 
petioles to the stem. 

ON STEMS 

Infection on stems takes place naturally either from infected petioles 
or on the very young and tender growing tip (pi. 2, D). On young 
tissues a soft dark-brown to black decay rapidly takes place. Invasion 
is retarded wken older tissue is reached, a new growing point is devel- 
oped from the next lowest axillary bud, and no further advance is 
made. 

On older tissues of the stem, where infection arises from petioles, 
definite cankers are produced, xlt first these cankers appear as small 
brown sunken areas. Invasion of tissue is slow. Old cankers are 
flattened and shrunken, usually cracked longitudinally, and sur- 
roundeu ,by swollen margins due to callus formation on the part of the 
host (pi. 2, (7). Stem cankers on old tissues have never been observed 
entirely girdling the stem; however, they frequently cause a cessation 
or retardation of growth and an abnormal light-green coloration of 
the foliage. Frequently the foliage of plants carrying stem cankers 
develops a reddish-bronze coloration typical of that produced by 
maturity in the fall. An orange-red bacterial exudate frequently 
occurs on these stem cankers (pi. 2, E), 

VARIETAL SUSCEPTIBILITY 

Arnaiid {!) noticed that of two ivies under observation, one, 
‘^Lierre des Bois”, was more severely attacked than the other, ^‘Lierre 
d^Ecosse.^^ The disease has been observed occurring naturally on 
Hedera helix dJiA. its varieties haltica^ gracilis^ hicida^ digitata, and 
Silver Queen. Inoculations upon these varieties as well as upon the 
varieties marrnorata, alba variegata, dentata Tariegata^ conglomerata, 
nigra, md coriacea have shown all to be susceptible. 

PATHOGENICITY 

The pathogenicity of the organism constantly associated vdth these 
disease symptoms has been repeatedly proved by inoculations in 
various parts of the host under varied conditions and by various 
methods. Repeated reisolations and reinoculations have been suc- 
cessfully made. Pure cultures are easily obtained by the usual poured- 
plate method. Young leaf tissues (plants kept under bell jars in a 
constantly moist atmosphere) are readily infected by atomizing with 
bacterial suspensions and show positive results in as short a time as 4 
days. The tiny translucent spots appeared in 5 to 6 days, and some 
were 7 to 8 mm in diameter in 9 days. These lesions were in all 
respepts similar to those found on naturally infected plants. Mature 
leaves or wnody stems show symptoms only after longer periods, 
varying from 2 to 3 weeks. Such tissues are rarely infected except 
through wounds. 

THE PATHOGENE 

The cultures used for the morphological, cultural, and physiological 
studies were isolated from characteristic leaf lesions. Some of the 
lesions w'ere the result of natural infections; others were the result of 
artificial inoculation with the bacteria. The pathogenicity of the 
several cultures used in these studieswas established by successful 

68593—34—4' ■ ■ 
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infee tioiis induced by inoculation of healthy, growing iv}^ leaves and 
stems. 

MORPHOLOGY 

Bficterinm hederae is a short rod with rounded ends, rather smaher 
than is iisiial for plant pathogenes. In culture media the rods are 
0.7 to 2.7ju long bv 0.3 to 0.6 m wide and occur singly or in pairs or 
short chains, lirthe host tissues they are 0.7 to 2 m long by 0.2 to 
0.4m wide. They are motile by means of one polar flagellum. Cap- 
sules are present. No spores have been found. 

STAINING REACTIONS 

The organism is Gram-negative; it is not acid-fast. It stains readily 
with all the coiiimoiilv used bacteriological stains. The capsules are 
easilv demonstrated mth Ribbert’s dahlia capsule stain and also with 
Leifsoii's (4) stain, a flagella stain which stained the capsules but only 
rarelv the flagella of the iw bacteria which proved to be unusually 
difficult to stain. However' wnth Casares-GiFs stain it was definitely 
determined that there is a single polar flagellum, usually long and often 
quite wnivy in the part nearest the rod. 

Carbol-fiichsin-stained mounts from potato-dextrose agar cultures 
grown at 34° C. showed single rods and chains very poorly and irregu- 
larl}^ stained, with diameters varying from 0.3 to 0.9m- In beef- 
media cultures the diameter of the bacteria is slightly greater than in 
potato-dextrose agar cultures. 

CULTURAL CHARACTERS 5 

Beef-peptone agar colonies. — On beef-peptone agar (pH 6.8 to 7.0) the 
colonies of Bacteriwm, hederae grow slowly. In 48 hours they are usually visible as 
mere points of growth, and in 4 to o days even well-isolated colonies are only 1 to 
2 mm in diameter. In 10 to 12 days a few colonies are 5 to 7 mm in diameter, but 
the usual size is 2 to 4 nim. White and transparent at first, they become pale 
yellow, Massicot yellow,'’ and translucent. They are circular, smooth, glisten- 
ing, slightly elevated, with entire margins (pL 1, JEl). The interior has definite 
short concentric lines or crosshatching, which disappears when the colonies are 
10 to 12 days old. Beef is not a very favorable medium for this organism, and 
the colony characters vary with even slight differences in the media, the acidity, 
the moisture, the temperature, or other factors. In one set of plates the colonies 
had definite white halos. In another set from 3 to 20 points of secondary growth 
appeared within each colony. Sometimes the centers are opaque with translu- 
cent crosshatehed borders, or they may be granular, mottled, or homogeneous. 
Buried colonies are spherical to lenticular, opaque to translucent. The growth 
is slightly viscid. Another fact noted is that growth in transfers from beef-media 
cultures is very uncertain. LTnless the beef culture is young and rather heavy 
inoculations are made from it, more often than not no growth develops in the 
transfers. 

Beef-peptone agar slants. — Growth is slow and never becomes even moder- 
ately heavy If the inoculation is from a liquid culture the resulting grow'th is most 
likely to be in the form of tiny isolated colonies, which eventually may coalesce. 
Ipoeiilatioii from agar cultures gives a uniform, smooth/glistening streak, prac- 
tically colorless except on the lower part of the slant, where the growth is some- 
what thicker and pale yellow. Crosshatching or striae are present. The growth 
Is slightly viscid or elastic; it does not draw out in a long thread but breaks at 
a length of 4 to 6 mm. 

Beep-extbact agar. — Growth is very similar to that in beef-infusion agar, but 
the color is slightly deeper yellow and/the growth -is not viscid. 

^ BEEF-PEmroNE broth.^ — The bacteria grow, slowly in beef broth, even of most 
lavoraple pH va lue and at favorable temperatures. Thin, rolling clouds, best in 

S I’Bless otherwise stated, all beef media were made with beef infusion and had a pH of 6.8 to 7.0. Ciilturea 
were grown at about 23 C. ... ' 

‘-RirtowAY. R. COLOR .sTANDARns AND coLOK’NOMBNCLATunE.: 43 pp., illus. , .Washington,. D.C. 1912. 
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the upper layers of the liquid, appear in 2 days. Growth increases slowly for a 
number of days, but the clouding is never more than moderate. Irregular rims 
of pale yellow appear in 5 to 7 days and often become fairly wide and heavy. If 
cultures are undisturbed a thin pellicle forms. There is a moderate, translucent 
sediment, which rises in a spiral when shaken. Rims, pellicles, and sediment are 
viscid. Clouding persists for 5 to 6 months at room temperature. 

PoTATO-DEXTKOSE BBOTH. — In this medium, with a pH value of 5.6 to 5.8 the 
liquid clouds very slightly, blit the surface growth in the form of rim and pellicle 
is heavy. 

POTATO-OEXTROSE AGAR. — This medium with a pH value of 5.6 to 5.8 seems to be 
ideal for the ivy bacterium. In isolation plates the colonies reach a diameter of 
10 to 12 mm. In tubes of slanted medium the surface is quickly covered with a 
thick, smooth, glistening layer of homogeneous to indefinitely mottled (under a 
X 6 lens) growth. The growth, practically colorless at first, becomes pale green- 
ish yellow, Massicot yellow, or Chartreuse, and later chamois ^ or even darker. 
The texture of the growth is soft and butyrous. Old cultures sometimes show a 
trace of viscidity. The thick, smooth, translucent growth remains practically 
unchanged for weeks. The pH of the medium of cultures changes in 3 days from 
5.6 to 6.6. 

Potato cylinders. — On steamed potato cylinders growth at first is fairly 
smooth and pale yellow, but it soon becomes thin, wet, and yellowish brown with 
some pale 3 ^ellow at the margin. The potato is moderated browned. Growth does 
not persist or increase. A weak diastatic action was indicated by tests with LugoPs 
iodine solution. 

Beef gelatin. — In plates of beef gelatin with a pH of 7.3, the colonies were 
barely visible in 2 days at 20° to 23° C. In 5 days the gelatin immediately below 
the colonies was liquefied. In 7 days the medium of thickly sown plates was 
entirely liquefied and the small, spherical, compact colonies were floating in the 
unclouded liquid. In tube cultures slight liquefaction is evident in 2 da\^s. In 6 to 
7 days there is a 5- to 7-mm stratiform layer of liquid. Further advance is slower, 
5 to 6 weeks being required for liquefaction of the entire 10 cc of medium. The 
liquefied gelatin is almost entirel^y clear. Irregular rims and thin pellicles of pale 
yellow form, and there is a moderate viscid sediment, deeper \’ellow and more 
opaque than in beef-broth cultures. 

Blood serum. — On Loeffler's solidified blood serum, growth was doubtful for 
several days. Later the whole slant was covered with a smooth layer of mustard- 
j^ellow growth. No trace of liquefaction was observed until after 4 weeks, when 
the slanted part became translucent and yellowish. In 7 weeks some cultures were 
entirely liquefied, while in others only the slanted portion was liquefied. Cultures 
were now getting dr^q and no further change occurred. 

Reduction of nitrates. — Gro-wth is fairly good in nitrate-beef bouillon, but 
9-day-old cultures with the starch-iodine-siilphuric acid test showed no trace of 
nitrate reduction. Cultures in a S 3 "nthetic nitrate medium tested when 10 days old 
with the Q:-naphthylamine sulphanilic-acid as recommended in the Manual of 
Methods (7), gave positive indications of a moderate reduction of nitrate, less than 
half as much as in control cultures of Bacillus phytophthorus and B. aroideae. 

Diastatic action. — Plates of beef agar plus 0.2 percent of starch were heavily 
inoculated with surface streaks. Growth was not vigorous. On the eighth and 
tenth days a partially cleared zone 15 to 20 mm wide appeared when the plates 
were flooded with iodine solution. Potato-cylinder cultures 5 weeks old tested 
with iodine also gave indication that the starch is only partially hydrolyzed. 

CoHN^s solution. — Repeated trials with light and with heavy moculations 
show that the organism does not grow in this medium. 

Uschinsky’s solution. — When heavily inoculated a slight milky color and thin 
clouding appeared after 6 to 10 days. In 4 to 6 weeks the clouding was moderate 
and fairly heavy and pale yellow' rims and pellicles formed. There was no color 
change in the medium. 

Fermi’s solution. — Growth is slow and slight in this medium- Heavily inocu- 
lated cultures 3 weeks old are faintly clouded and have a few slender white threads 
suspended in the liquid or attached to the tube walk There is no rim of pellicle 
and no color change in the medium. 

Toleration of sodium chloride. — In beef broth containing 1 percent of NaCi, 
growth is as good as in plain broth. Growth is slightly retarded by 2 percent, 
greatly retarded by 3 percent, and entirely lacking in 4 percent of NaCi. 

Indol production.— Indol is not produced. Cultures in a 2-percent peptone 
solution and in 1-percent tryptophane solution grow better than in beef broth. 


7 Ridgway, R. See footnote 6. 
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The tests wc^re made with sulphuric acid and sodium nitrite. Control cultures of 

BaciUus cdli produced indoL 

H^ybrootEX srLPHiD'E PRODUCTION. — A slight amount of hydrogen sulphide is 
produced. Tests were made in lead acetate agar; also by strips of lead acetate 
paper siispeiifiod over cultures. 

Ammonia production. — Slight amounts of ammonia are produced in beef 
media and in peptone-broth cultures. 

Milk. — Aliik is slowly coagulated. The curd remains soft and jellylike for 2 
to S weeks, then becomes more compact. Casein is slowly digested, about 3 
months being required for complete digestion. The whey is yellowish and viscid. 
Numerous tyrc>.sin crystals form in all milk cultures. 

Litmus reduction. — Lavender-colored litmus-milk shows slight to no bluing. 
ReTiuetion of the litmus begins in 4 to S days and is complete in 6 to 12 days. 

Methylene blue reductjon.- — Methylene blue in milk is considerably reduced 
in 2 and entirely reduced in 8 days. 

Ferment AT ioN of carbohydrates. — T he ability of the bacteria to ferment car- 
bohydrates was tested on peptone-free synthetic agar (7) , with brom-cresol purple 
as an indicator. One percent each of dextrose, sucrose, lactose, maltose, mannite, 
and glycerin was iiseci. Acid without gas was formed very promptly from dex- 
trose and sucrose, rather slowly from lactose, and very slowdy from glycerin. In 
maltose there was only a trace of growth and no acid reaction. There was no 
growth in mannite. 

Temperature relations. — The optimum temperature for growth is between 
20® and 26° C. Beef-bouillon cultures cloud more readily^ at 25° to 26° than at 20° 
to 22°, but aftcT several days the cultures at the lower temperatures have the 
better growth. The ininimum temperature for growth is 2° or lower. The maxi- 
mum for beef-bouillon cultures is 32°. (Beef-bouillon cultures cloud thinly at 
33° and 34° in 1 to 2 days, but this clouding disappears in 1 day or less.) Slight 
but persistent growth occurs on beef agar at 34° and on potato-dextrose agar at 
35° and 36°. No growth occurred at 37°. The thermal death point is near 52°. 

Effect of freezing. — Potato-dextrose agar cultures held at 4° to 8°F. ( — 20° to 
— 22° C.) for 4)2 months, except for several short intervals of partial or complete 
thawing, were not killed or even noticeably reduced in vitality. 

Effect op sunlight. — Freshly inoculated plates of beef agar with half of 
each plate covered to exclude direct light were exposed for 10, 20, and 30 minutes 
to direct sunlight at midday, April 5, 1932. A slight haze but no clouds slightly 
reduced the light. In these tests the bacteria were killed in the areas subjected 
to the direct rays of the sun, and also to a considerable distance under the covered 
parts. Colony numbers were normal only in the area farthest from the light. 
In a repetition of the experiment at midday, April 12, 1932, when there was no 
haze, ail bacteria were killed by exposure for 10 minutes; in 6 minutes 80 to 90 
percent were killed, and in 3 minutes 40 to 60 percent were killed. 

Optimum reaction and toleration limits. — Because of the slow growth of 
the bacteria the pH values of the medium may change somewhat before the 
cultures cloud- Repeated tests, with the pH values of the media determined at 
inoculation time and again when growth became evident, indicate 7.0 as the 
optimum for growth, and 5.5 and 8.5 as the limits- The different strains studied 
varied slightly, and at different times the same strain sometimes showed slight 
variations in the pH requirements. 

Relation TO oxygen. — The organism is aerobic. There was no clouding in 
the closed ends of fermentation tubes containing beef bouillon and synthetic 
media plus carbohydrates, nor in agar tubes either with or without carbohydrates 

Vitality in culture.—Iii culture media, particularly in beef media, the 
vitality of the ivy bacterium shows a lack of uniformitv. At room temperature 
some beef cultures have remained alive for 7 months, but most cultures die 
witiim 2 to 8 weeks. Many transfers to beef media, especially if made from 
establish any growth. On potato-dextrose agar there is 
no difficulty in securing vigorous growth, and no reduction in vitality has been 
noted m cultures of various ages up to and including some 9 months old. At 
temperatures below freezing, the organism remains alive at least 4 months on 
potato-dextrose agar. Cultures that grew slightly at 34° and 35° C. and remained 
at these temperatures for 20 to 30 days were to some extent reduced in vitality, 
as shown by growth in transfers under favorable conditions but by failure to 
grow under slightly adverse conditions. ■ ■ ' 

_ Effect OF desiccation.— Tests for resistance to drying were made by placing 
drops from beef-bouillon cultures or growth from agar cultures diluted in water 
or broth on cover glasses, and after these had dried, introducing them at intervals 
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into culture media. As in transfers from beef cultures, there was a lack of 
uniformity in growth results. A large number of covers failed to give any growth 
after drying even a few days. Some, however, produced typical growth after 
drying for 43 days. If the covers were put into beef bouillon, growth very 
seldom developed. The best method found was to embed the cover partially in 
very moist potato-dextrose agar. 

HISTOLOGY 

Thin, stained sections of ivy leaves collected 9 days after inocula- 
tion by spraying with suspensions of Bacterium hederae show numerous 
small infected areas on the lower side of the leaf. Bacteria are 
abundant in these lesions, most of which have penetrated only a short 
distance; others extend through half the thickness of the leaf and 
spread laterally an equal distance. In these sections the lesions are 
advanced to a stage where the lower epidermal cells are broken or 
distorted, and cases of distinct stomatal infection have not been seen. 
Stomata are present on the lower surface only of the ivy, and since 
infection starts on the lower side of leaves inoculated by spraying, 
it seems more than probable that the infection is stomatal. The 
numerous and large intercellular spaces in these leaves afford good 
accommodations for masses of bacteria. First the bacteria occupy the 
intercellular spaces; later the cell walls break. In some cases the 
bacteria seem to be inside intact cell walls. In sections of older 
lesions there is considerable breaking down of cell walls, the bacteria 
occupy large pockets, and the upper as well as the lower epidermis is 
destroyed. Sections of leaves collected 48 hours after inoculation 
show no sign of infection. The bacteria in the lesions are 0.7 to 2/^ 
by 0.2 to 0.4^ wide. Capsules were stained on rods direct from leaf 
lesions. Staining of flagella on leaf-lesion rods was not attempted. 

TECHNICAL DESCRIPTION 

Bacterium hederae Arnaud is a short, motile rod, 0.7 to 2.7jLi by 
0.3 to 0.6m, with a single polar flagellum. Capsules are produced, 
but no spores. It is Gram-negative and is not acid-fast. It is 
aerobic. Gelatin and blood serum are slowly liquefied. Nitrate is 
slightly reduced, but no gas is produced. Diastatic action is slight. 
Acid without gas is formed from dextrose, sucrose, lactose, and 
glycerin. The organism does not form acid in milk, but reduces 
litmus and methylene blue in this medium. Indol is not formed. 
Slight amounts of hydrogen sulphide and ammonia are produced. Its 
optimum pH value for growth on beef media is 7.0, and the optimum 
temperature for growth is 20® to 26® C., maximum 36®, minimum 
below 2®. Its thermal death point is 52®. On beef agar growffh is 
moderate to slight. Colonies are round, smooth, pale yellow. On 
potato-dextrose agar growth is abundant, pale yellow. It causes leaf 
spots and stem cankers on English ivy, Hedera helix ^ and its horti- 
cultural varieties. 

SYNERGISM 

With the appearance of Burkholder and Guterman^s (f ) report of 
synergism between Bacterium hederae m.d an associated organism, 
experiments were conducted with 10 associated bacteria which the 
present writers had isolated and designated as cultures d to m. With- 
out exception these associated organisms were isolated from old spots 
on foliage. Isolations from young diseased areas never failed to yield 
pure cultures of Bad. 
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Inoeiilatioiis were made on leaves injured, by needle pricks with 
Baeteriurn hederae in pure culture and also mixed with each of the ^10 
associated bacteria. In one case when culture was mixed with 
Bact, hederae a distinct increase in size of the infected area resulted, 
which was still evident after 4 weeks from the time of inoculation. 
In all other nine mixed inoculations (Bact. hederae plus cultures 
€-fn)j the exact reverse process took place, or a case of anergism. 
The spots resulting from these mixed inoculations after 1 month vrere 
approximately 2 mrn in diameter and lacked the water-soaked margins 
eharacteristm of active invasion of tissue. Inoculations with Bact. 
hederae in pure culture produced spots 7 mm in diameter, and with 
Bact. hederae and culture d 12 mm in diameter in the same time 


(pi 1, F). 

Organisms d and k are not the associated organisms reported by 
Biirkholder and Guterman (2). Their identity is unknown. The 
anergistic action of nine other associated organisms (e to m, inclusive) 
is worthy of note. 

CONTROL MEASURES 


As measures of control of this disease, all soil, sand, or cinders on 
which an infected lot of plants have stood should be removed and 
the beds or benches sterilized by wnshing or spraying with formalde- 
hyde solution 1:50 or corrosive sublimate 1:1,000, before placing 
another lot of potted cuttings on them. If the infection on any lot 
of plants is slight, hand-picking of the infected foliage, the priming 
out of all tip infections, and the discarding of plants showdng stem 
cankers can be resorted to and wdll lessen the danger of increasing 
severity. Keeping the temperatures of the houses at 50*^ F. or belo’w 
has also seemed to check the rapidity of spread. Excessive syringing 
of the plants should be avoided, as this practice tends to spread the 
disease, particularly from plant to plant in the same bench. 

The use of protective sprays on ivy is not desirable, because of the 
residue deposited by them on the foliage. Potassium permanganate 
has been tried in concentrations as high as 1 : 600. At this concentra- 
tion some injury took place, but injury was absent at a concentration 
of 1:800. The grower felt that considerable adx^antage from the 
standpoint of disease control was obtained after repeated applica- 
tions, although no unsprayed plants were held as checks against these 
sprays. Mercuric bichloride at a concentration of 1:1,000 has also 
been used, and this caused slight injury to the young foliage. 

Preliminary tests w^ere made wdth proprietary organic^merciiry 
sprays containing as the toxic ingredient ethyl mercury arsenate and 
phenyl mercury acetate in concentrations of 1 : 600 to 1 : 50. A single 
application of these materials at any of the concentrations used caused 
no perceptible injury, but wdth subsequent applications the foliage 
became yellowish and in some cases the young foliage became curled 
and crinkled. As a result of this injury these materials were not 
used in further control tests. 

SUMMARY 

A bacterial disease of English ivy, Hedera helix L., causing a leaf 
spot and stem canker is described. From the results of inoculations 
on 12 liorticultiiral varieties, all were found susceptible. The incu- 
bation period varied from 5 to 21 days, depending on the temperature, 
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humidity, and age and type of tissues inoculated. Young tissues are 
more easily infected than old ones, and the incubation period is pro- 
portionately shorter. 

The causal organism (Bacterium hederae Avniiud) has been isolated 
and its pathogenicity proved by numerous inoculation experiments. 
Wounds are not necessary for infection, wliich is evidently stoma tab 
The morphological, cultural, and physiological studies of the patho- 
gene are described in detail and a technical description is given. The 
index number is 5322-3115-1222. 

Synergism with 1 associated bacterial organism and anergism with 
9 other associated bacterial organisms were noted. 

Various methods of control are suggested. 
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GROWTH OF CHICKENS AS A FUNCTION OP FEED 
CONSUMPTION ‘ 


By Harry W. Titus, biological chemist, Mobley A. Jull, senior poultry husband- 

man, and Walter A. Hendricks, junior biologist, Animal Husbandry Division, 

Bureau of Animal Industry, United States Department of Agriculture 

INTRODUCTION 

The relationship between the w^eight of feed consumed by a growing 
animal and the resulting gain in live weight is one of both practical 
importance and theoretical interest. As a result of a large number 
of scattered observations, much information has been obtained 
regarding the factors which influence the economy of gains made by 
domestic animals, but the information so obtained has never been 
fully organized. Students of animal nutrition have realized for a 
long time the need of more exact knowledge of this kind ; nevertheless 
it was not until about 10 years ago, when Spillman (4) suggested the 
use of the equation of the curve of diminishing increment for express- 
ing the relationship between feed consumption and live weight, that, 
from the point of view of the present writers, the first real advance 
was made. 

In previous papers Jull and Titus (3) and Titus (o) showed that 
in crossbred chickens and ducks the equation of the curve of dimin- 
ishing increment expresses with a high degree of accuracy the rela- 
tionship between feed consumption and live weight over an appreciable 
interval of growth. The data presented in these earlier papers, 
however, did not constitute a rigorous test of the relationship because 
the same diet was not fed from the first feeding until the conclusion 
of the experiment, and because a sufliciently long interval of growth 
was not investigated. Furthermore, as a result of the small number 
of data involved and the lack of a wholly suitable method of fitting 
the equation, considerable doubt remained as to the tme significance 
of some of the parameters of the equation. 

The experiment described in the present paper was planned for 
the purpose of (1) obtaining much more extensive and critical data, 
(2) studying the effect of sex on the utilization of feed, and (3) deter- 
mining the effect of different levels of feed intake on the relationship 
between feed consumption and live weight. The plan of the experi- 
ment provided for (1) feeding the same diet, but at different graduated 
levels of intake, to 7 pens of males, as well as to 7 pens of females, 
for a period of 52 weeks; (2) collecting the pertinent data on feed 
consumption, live weight, and mortality; and (3) making a mathe- 
matical analysis of the data. 

EXPERIMENTAL MATERIAL AND METHODS 

Approximately 560 chicks were hatched in electric incubators 
Februaiy 13, 1930, at the United States Animal Husbandry Experi- 
ment Farm, Beltsville,Md. The eggs were obtained from a flock of 

1 Received for publication Jan. 15, 1934; issued July, 1934. 

2 Reference is made by number (italic) to Uiterature Cited, p. 835. 
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Barred Plviiioutli Rock females mated to Rhode Island Red iiiales. 
This iiiatiiig was employed in order to make use of the sex-linked 
barring: factor which enables one to separate the sexes at hatching* 
time. ‘^After remoyal of the weak and otherwise unsuitable chicks^ 
there remained 265 males and 244 females. These were distributed 
aiiioiig 14 pens so that there were 7 pens containing 37 males each 
and 7 pens containing 34 females each; the remaining chicks were 
discarded. 

The chicks were brooded imder electrically heated brooders in a 
series of pens in a hot-water-heated brooder house. Alter they were 
a few days old they were allowed the freedom of small run yards 
adjoining the pens. By means of this arrangement the chicks had 
access to direct sunlight whenever the weather permitted. The 
floors of the pens and run yards were constructed of concrete. 

Approximately 10 percent of the chicks developed perosis (7, 5) or 
other abnormalities and wei'e killed as soon as such abnormalities 
were observed. During the course of the experinientj as the chicks 
became larger, others were removed to prevent crowding in the pens. 

THE DIET 

The following diet, to which 1.5 percent of cod-liver oil was added, 
was fed in the form of a diy mash to all 14 pens of chicks from the 
first feeding until the end of the experiment. 


Percent 

Yellow corn meal - 40. 0 

Gromid wheat 22. 0 

Corn gluten meal 10. 0 

Dried buttermilk 10. 0 

Meat scraps (55 percent protein) 10. 0 

Special steamed bone meal 3. 0 

Alfalfa-leaf meal 2. 5 

Yeast preparation h-__ : 2. 0 

Common salt . 5 


Total. 100.0 


This diet, as the average of a number of analyses of different lots 
of it showed, eontained approximately 10.4 percent of moisture, 7.1 
percent of ash, 4.9 percent of ether-extractable inaterial, 19.4 percent 
of crude protein, 2.6 percent of crude fiber, and 55.6 percent of nitro- 
gen-free extract. 

LEVELS OF FEED INTAKE 

One pen of males and 1 pen of females were given all the feed 
they would eat, and the other 6 pens of each sex w^ere fed at diflerent 
lower levels of feed intake. Accurate feed-consumption data obtained 
over an extended period were not available for this particular cross- 
breed of chickens. Accordingly, in order to determine how much 
feed to give to each of the 12 pens of chicks that were to be kept on 
the lower levels of feed intake, use was made of data previously 
obtained by the writers with several groups of Rhode Island Red 
chicks in which the sexes had not been separated. From the average 
ad libitum feed consumption of these chicks, tables were prepared 
which gave the w^eight of feed, per chick, for each day in order that 
the relative le vels of feed intake for the 6 pens of each sex would be 

'''' corn i»eal; it contains approxi- 
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87.5, 75.0, 62.5, 50.0, 37.5, and 25.0 percent, respectively, of this 
arbitrarily chosen standard. 

The quantity of feed consumed, per chick, by the pen of females 
which was allowed to eat all the feed that it desired was approximately 
equal to the ad libitum feed consumption of the Rhode Island Red 
chicks mentioned previously, but the quantity consumed, per chick, 
by the corresponding pen of males was appreciably greater. Thus, 
although the relative levels of feed intake (table 1) were not the same 
for the corresponding pens of males and females, the absolute levels 
(actual quantity) of feed intake were practically the same, except for 
the pen of males and the pen of females which were given all they 
would consume. 


Table 1. — Levels of feed intake of the 7 pens of males and the 7 pens of females 


Pen no. 

Males 1 

Pen no. 

Pemales 

Level of feed 
intake as per- 
centage of the 
average ad libi- 
tum feed con- 
sumption of 
Rhode Island 
Reds « 

Relative level 
of feed intake, 
as percentage 
of the average 
ad libitum feed 
consumption of 
crossbred males 

Level of feed 
intake as per- 
centage of the 
average ad libi- 
tum feed con- 
sumption of 
Rhode Island 
Reds ® 

Relative level 
of feed intake, 
as percentage 
of the average 
ad lihitum feed 
consumption of 
crossbred fe- 
males « 

84 

Percent 

127.5 

87.5 

75.0 

62.5 

50.0 

37. 5 

25.0 

Percent 

100.0 

68.6 

58.9 

49.0 

39.2 

29.4 

19.6 

85-- 

Percent 

102. 2 
87.6 

75.0 i 

62. 5 

50.0 i 

37.5 

25. 0 

Percent 

100.0 

85.4 

73.5 
60.9 
49. 2 
36.8 

24. 5 

86«.., 

87- 

88 

89 

90 - 

91- 

92 

93 

94 - 

95 - 

96.., 

97 




« Sexes not separated. 

t Levels of feed intake were computed each week, and the averages for the first 36 weeks were taken. 


The females in pens 85, 87, 89, and 91 began laying during the 
twentieth, twenty-third, twenty-fourth, and twenty-seventh weeks, 
respectively, of the experiment, and for a time an attempt was made 
to correct ” the feed consumption by subtracting 40 grams of feed for 
each egg laid (6). By the thirty-sixth week the egg production had 
increased to such an extent in pens 85, 87, and 89 that the writers 
believed it was no longer possible to ^tcorrect^’ the feed consumption 
with a sufficient degree of accuracy, and so these three pens were dis- 
contmued at the end of the thirty-sixth w^eek. 

EXPERIMENTAL DATA 

Records were kept of the quantities of feed consumed per ehick 
per week, of the live weights of the chicks at the end of each 'week, 
and of the mortality in each pen. 

The experimental data on feed consumption and live weights are 
too voluminous for jjresentation here. However, the discussion cen- 
ters around, and most of the conclusions depend on, a relatively small 
number of constants derived from the data. These constants are 
given in the discussion which follows. 

Since mortality data are of considerable importance in interpreting 
the results of feeding experiments, table 2 is given. In general the 
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iiiiiiiber of birds that died was .veiy small except in the pens receiving 
less than 50 percent . of the ad libitum level of ^’eed. 


Table 2, — Number of deaths " occurring in each pen during each 4-w^6k period 

MALES 



85 - - i 0 

0 

0 

2 ' 0 

0 

0 

0 

0 

('0 


2 

87.. -J 0 

0 

0 

0 1 0 

0 

0 

1 

0 

b) 


1 

89 ^ 1 

0 

0 

0 i 0 

0 

0 

1 

0 

(rf) 


2 

01-.., ! I 

0 

0 

I ! 0 

0 

0 

0 

0 

0 

0 0 

0 2 

93--.- 1 

0 I 

0 

^ 0 0 

2 

i 0 

0 

0 

1 0 

i 1 0 

0 4 

95-.-. 0 ! 

0 1 

1 

! 0 i 0 1 

0 ; 

i 0 

0 1 

3 i 

i 2 

. 1 2 

1 10 

97 i 9 i 

0 

0 

' 21' 0 i 

2 

i 1 

1 i 

7 j 

; 7 


29 

i ' 





1 




1 

1 


» Exclusive of perosis, whicii does not directly affect growth. 

^ There were 37 chicks in each pen of males and 34 chicks in each pen of females at the beginning of the 
experiment. 

c This pen was discontinued at the end of the thirty-eighth week because of excessive mortality. 

This pen wjis discontinued at the end of the thirty-sixth week because the egg production had increased 
to such an extent that as far as the relation between feed consumption and growth was concerned, the data 
were of questionable value, ■ ’ 

« This pen was discontinued at the end of the thirty-seventh week because of excessive mortality. 

FITTING THE EQUATION OF THE CURVE OF DIMINISHING 
INCREMENT TO THE EXPERIMENTAL DATA 

The equation of the curve of diminishing increment was fitted to 
the feed-consumption and live-weight data obtained from each of the 
14 pens. This equation may be written in two ways, of which one is 

W^A~BR^ ( 1 ) 

in which, according to Spillinan^s hypothesis (4), 

lF=the live weight for any coiTesponding feed consumption, jp'; 
,^1 = the maximum live weight attainable; 

5^ the difference between A and the initial live weight, i.e., the 
total gain in live weight possible; 

J? == the Spillman ratio, which is the inverse ratio of the gains in 
live weight resulting from any two successive units of feed 
consumed (thus, if one unit of feed produces a gain of 0,30 
kilogram and the next a gain of 0.27 kilogram, 

1 0.27 j 

^ 0,3U 0.30 
0,27. 
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the cumulatiYe feed consiimption. 

Another form in which this equation may be written is 

( 2 ) 

in which Wy A, B, and Fhave the same significance as before, e is 
the base of the natural system of logaritlims, and k is a constant which 
is related to R by the following equation: 

R-=e-^ (3) 

The first step in fitting this equation to the data for each pen was 
to determine the approximate values of the parameters A, 5, and i 
by the rapid method recently described by Hendricks (1). ilfter 
having obtained the approximate values of A, and k, the writers 
employed the following adjustment equation to determine the correc- 
tions to be made to the approximate values of the parameters: 


in which 


WodAo “ ^ ^ IF„ 


df , bf _ 
dAo bB, 


€ 


and 


M. 

bh 


FB,e-^oP 


(4) 


and a, py and k are corrections to be made to Aoj Boy and koy respective- 
ly, which are approximations, previously obtained, of the constants 
Ay By and k; and W and Wo are, respectively, the corresponding 
observed and calculated live weights. 

The corrected values of A, By and k were readjusted until the cor- 
rections became negligible. In most cases only a single adjustment 
of the parameters w^as required because the rapid method gave values 
of the parameters w^hich required only small corrections. The values 
of R were then calculated by means of the relationship between k and 
Ry i.e., = The unit of feed weight, as well as the unit of live 

weight, used in this study is the kilogram. In applying the various 
equations, all w^eights should be expressed in kilograms. 

The writers consider the adjustment equation used in this paper, 
i.e., equation 4, to be superior tOithe one previously used by Jull and 
Titus (5), for when equation 4 is used, the sum of the squares of the 
relative residuals is reduced to a minimum, w^hereas when the other 
equation is used, the sum of the squares of the absolute residuals is 
reduced to a minimum. 

THE PARAMETERS AND DERIVED CONSTANTS 

In order to summarize as briefly as possible the chief numerical 
results of fitting the equation of the curve of dimimshing increment 
to the data on feed consumption and live weight, the parameters of 
this equation, as well as several derived constants, have been tabulated 
in'table^..: 



Tabi^e B.~Vahies of the ctmslants of the live weight-feed consumption equations {cwrve of diniimshing increme'td) and the coe£ieientH of deviation 

of the observed from the calculated live weights for each of the I4 pens of chicks 

MALES 



100(^— ^o) 




May 1 , 1934 Gfowth of CMckens as a Function of Feed Consum-ptmi 823 






824 


Journal of Agricultural Research 


Vol. 48, no. 9 


INTERPRETATION AND DISCUSSION ■ OF THE EXPERIMENTAL 

RESULTS 

RELATIONSHIP BETWEEN FEED CONSUMPTION AND LIVE WEIGHT AS EXPRESSED 
BY EQUATION OF CURVE OF DIMINISHING INCREMENT 

A coiiiparisoH of the observed live %veights with those calculated 
by iiieaiis of the equation of the curve of diminishing increment showed 
that this equation describes the relationship between feed consump- 
tion and live weight with a high degree of accuracyL 

To illustrate graphicallY the excellent agreement betw^een the ob- 
served and. calculated live .weights, the observed average live weights 



FiGiT.BE 1.— A representative example 
incremeat to tbe experimental data. 


woe uts iji me equaiion oi me curve of climi 

The smooth curve was plotted hy means of the equation 


ir= 3.$7695 -3.64207€"S^-o®25462i!’ (j^g) . 


The CTOsses represe:nt observed average live weights plotted against cumulative feed consumption. 

of the cockerels in pens 84 and 86 are plotted, together with the fitted 
curves, in figures 1 and 2, respectively. Pen 84 was selected as being 
representative of one of the poorer fits of the equation to the experi- 
mental data, whereas pen 86 was selected as being representative of 
one of the better fits. In the case of pen 84 some of the deviations of 
the observed live weights from the curve are rather large, but in no 
mstance do they e.xceed 12 percent of the corresponding calculated 
values, and the coefiicient of deviation is only ± 4.52 percent. In 
the case of pen 86 the largest deviation is less than 7 percent, and the 
coemcient of deviation has the very low value of ± 1.56 percent. 
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The coefficients of deviation of the observed from the calculated 
live weights for all 14 pens are given in table 3. The low values of 
these coefficients are further evidence of the close agreement between 
the observed and the calculated live weights, and hence of the ability 
of the equation of the curve of diminishing increment to express ac- 
curately the relationship between live weight and feed consimiption. 

It was of considerable interest to note that for those pens in Which 
egg production did not complicate the picture most of the deviations, 
when expressed in percentage, were rather small, except in the case 
of the 2 pens in which the chicks were allowed to eat all they wanted 
and the 4 pens on the 2 lowest levels of feed intake. This at least 
indicates the practicability, as well as the desirability, of controlling, 
according to a pre- 
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determined schedule, 
the feed intake of ani- 
mals in comparative 
feeding experiments, 
so that the feed con- 
sumed will be some- 
what less than they 
w^ould eat of their own 
free will but at least 
50 percent of the 
quantity that they 
would normally b e 
expected to eat. A 
level of feed intake 
equal to approxi- 
mately 70 percent of 
the ad libitum level 
is recommended 
because in most cases 
the animals receiving 
feed at this level of 

in take may be exp ec t- piq^be 2.~A representative example of one of the better fits ot the eqm- 
ed to eat all that is of the curve of diminishing increment to the experimental data, 

fed them unless the smooth curve was plotted by means of the equation 

feed is unpalatable, w=2j5620-2.9228ie*o.i2O2S2sj^ 

and because, as is The crosses represent observed average live weights plotted against 

showm later, the 

yaliie of the Spillman ratio for this level is not so greatly different 
from its value for the ad. libitum level, wdiereas below the 70-per- 
cent level the value of the Spillman ratio decreases wuth mcreasing 
rapidity as the level of feed intake is decreased. 

Titus and Hendricks (5) have recorded the observation that when 
chicks are fed at different levels of intake varying from about 40 
percent of ad libitum to ad libitum consumption, the live weights of 
less than approximately 500 grams may be expressed by a single 
equation relating live weight to feed consumption, regardless of the 
level of intake. At first the reason for this phenomenon was not 
clearly evident, but the present study indicates that this follow’s as a 
result of one of the properties of the equation of the curve of dimin- 
ishing increment. Figures 3 and 4 illustrate this point. The curves 
of the fitted equations are plotted in figure 3 for males and in figure 4 

' ' 68593 — 34—5 ■ 
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for females. An €>xamination of these curves shows that those for the 
levels of feed intake above 48 percent of the ad libitimi feed consump- 
tion almost coincide, in the case of both the males and the females, iin- 



FiG CEE 3 .— Curves of the fitted equations for the males. Solid lines represent the growth interval studied; 

broken lines are extrapolations. 
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.Figcre. 4 .— Curves of the fitted equations for the females. Solid lines represent the growth interval 
studied; broken lines are extrapolations. 


til a live ^weight between 750 and 1,000 grams is reached; and for 
levels of feed intake above 58 percent, the curves almost coincide 
until a live weight of nearly 1,250 grams is reached. 
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Having observed tlie close dependence of live weight on feed con- 
sump tion, one may now 
attempt to determine 
the cause of the irregu- 
larities in the curves 
showing the rela t i o n 
between feed consump- 
tion and live weight 
(fig. 1) and between 
age and live weight 
(fig. 5) for pen 84 and 
between age and live 
■weight (fig. 6) for pen 
85. In figures 7 and 8 
the rate of feed con- 
sumption of the males 
and females, respec- 
tively ,isplotted against 
age. Inspection of 
these figures shows that 
after about the twelfth 
week the rate of feed 
consumption by the 
chicks in pens 84 and 
85 was very irregular. 

And, in general, it is 
found that there is a 
direct relation between 
the irregularities in the 
live-weight curves and 
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Figure 5 .--Live weights of the males plotted as a function of age- 
Solid lines represent observed weights; long-dash line for pen 84 was 
obtained by plotting, against age, the average live weights calculated 
by means of the equation W=3.67695--3.64207e-o M 25 Ww (kg); short- 
dash line for pen 84 represents the weights which would have resulted 
if the feed consumption had followed the curve, shown in figure 7 , 
representing the approximation of the idealized ad libitum rate of 
feed consumption. 


those in the curves depicting the rate of feed consumption. For 

the sake of comparison, 
approximations of the 
curves repr e s e n t i n g 
idealized ad libitum 
rate of feed consump- 
tion for males and 
females are shown (by 
broken lines) in figures 
7 and 8, respectively. 
Wlien the curves rep- 
resenting the observed 
rate of feed consump- 
tion are compared with 
the approximations of 
the idealized curves, 

Figure 6.— Li ve weights of the females plotted as a function of age. the i r 1’ 0 U 1 a r 1 1 i 6 S 

Solid lines represent, observed weights; long-dash line for pen 85 was . ^ ^ 

obtained by plotting, against age, the avef^e live weights ofthechictes m tiie ODserveCl rate 01 
calculated by means of the equation W~ 2 . 1 M 96 “- 24 ;^) 54 e"S'is® 8 «ii'’ ^ j nrvncnTv-truftnn ar/a 
(kg); short-dash line represents the weights which would have i^uiibUiiipLauii air 

resulted if the feed consumption of the chicks in pen 85 had follo^wed KrouP'ht OUt in a strik- 
the approximation of the idealized ad libitum rate of feed consump- . ® 

tion curve shown in figures. The short lines transecting the curves mg manner, 
indicate the approximate age of the females, at tw^inning of laying, TT'-r-A-m f "h a a vnl o n o - 

in those pens the feed-consumption data of which were corrected for ■»- i uiii tiic cApiciiAu- 

egg production. tion just given of the 

irregularities observed in the curves showing the relation between feed 
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C43ii.siimptioii and live weight, and age and liye weight, it follows that 
ill conducting a comparative feeding experiment better results are 
obtained if, in addition to giving all the groups of chickens the same 
" quantity of feed per 
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head, it is arranged 
that the rate of feed 
consumption be a fixed 
percentage of a care- 
fully made approxima- 
tion of the idealized 
rate. Obviously, uni- 
formly regular growth 
can take place only 
when the rate of feed 
consump tion closely 
follows a uniformly 
regular course. 


EFFECT OF THE LEVEL OF 
FEED INTAKE ON THE 
NUMERICAL VALUE OF 
THE SPILLMAN RATIO 


Figure 7.—Gramsof feed consumed per chick per week in the seven According to the data 

twns of males plotted against age. The solid lines represent the T\rAC 5 A-n + Arl ftiA 

observed feed consumption per chick per week: the broken line is an 

approximation of the curve showing the idealized ad libitum rate of oplliman ratio vR m 
feed consumption of the males in pen 84. ^ equations^ 1 |andi! JS) 

decreases in magnitude as the relative level of feed intake is decreased. 
It now remains to determine the nature of the relationship between 
the relative level of feed intake and the numerical value of R. If 
these two variables are 
plotted against each ^ ^ | 

other, as in figure 9, it | nt* — — 

at first appears _ that ^ | i Li_ 

the relationship is ex- £££ez£^z^j / \ . 

pressible by the equa- | | 

tion of the curve of | ^ — 

diminishingincrement. ^ / . 

tion is We of the I 

values of B when the | — 

unit of feed consump- § ^ 

tion is 10 kilograms \ 

instead of 1 kilogram, Ao •#* 8 /2 /o 20 2^ 28 32 30 po -f-p ps 32 
and these new^ values ■ f^/2£/fsj 

are plotted against the S.— Grams of feed consumed per chick per week in the seven 

relative levels 01 leed P^us of females plotted against age. The solid lines represent the 
i ni a It A f L a o i o- tt* a i observed feed consumption per chick per week; the broken line is an 

111 Lujcvc , 1 1 ^^ ® ^ u 1 a approximation of the curve showing the idealized ad libitum rate of 

shane of the cur\m at feed consumption of the females in pen SS. The short lines tran- 
■ , seeting the curves indicate the approximate age of the females, at 

once DeCOmeS apparen t. beginning of laying, in those pens the feed-consumption data of w’hich 
Because of the sig- erected for egg productton. 

moid shape of the curve (under the couditions just stated) it was 
decided to fit the equation 

ln -^ —=k(x—b) 


wr I y j^/h/ 




O £■ 8 /2 /£ 20 2^ 28 32 30 OO P8 32 

2?&£ f/P'££A'8j 

Figure S.— Grams of feed consumed per chick per week in the seven 
pens of females plotted against age. The solid lines represent the 
observed feed consumption per chick per week; the broken line is an 
approximation of the curve showing the idealized ad libitum rate of 
feed consumption of the females in pen 85. The short lines tran- 
secting the curves indicate the approximate age of the females, at 
beginning of laying, in those pens the feed-consumption data of w’hich 
were corrected for egg production. 
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to the data. When this was done it was found that an excellent fit 
was obtained, since in no case did the observed values differ from the 
calculated values by more than 3 percent and the coefficient of devia- 
tion was only ±2.13 percent in the case of the males and ± 0.95 per- 
cent in the case of the females. The results obtained by fitting 
equation 5 to the two sets of data are given in table 4. 


Table 4^,— Effect of the level of feed intake on the numerical value of the Spillman 

ratio, R 


Males 

Females 

Relative level 
of feed 
intake « 
(percent) 

Spillman 

ratio, 

M (or 

Difference 
between ob- 
served and 
calculated 

Relative level 
of feed 
intake “ 
(percent) 

Spillman 

ratio, 

J? (or €~^) 

Difference 
between ob- 
served and 
calculated 

Ob- 

served 

Calcu- 
lated & 

Abso- 

lute 

Rela- 

tive 

Ob- 

served 

Calcu- 
lated « 

Abso- 

lute 

Rela- 

tive 

100.0*. ..1...... 

68.6 

58.9 i 

49.0- ^ 

39.2.. : 

29.4„._ 

19.6 

Coefficient of de- i 
viation. 

0. 9116 
.8867 
. 8705 
.8499 
. 8154 
. 6894 
. 5970 

0. 9096 
.8928 
. 8763 
.8458 
.7937 
.7103 
. 5919 

-hO. 0020 
-.0061 
-.0058 
-{-.0041 
-{-. 0217 
-.0209 
-{-.0051 

Per- 
cent 
-i-0. 22 
-.6)8 
-.66 
-{-.49 
-1-2.74 
-2. 94 
-f.S6 
±2. 13 

1.00.0. 

85.4 

73.5 - ! 

60.9 , 

49.2 

36.3-- J 

24.5 i 

Coefficient of i 

0. 8523 
.8617 
. 8452 
. 8353 
.80:^3 
. 7555 
. 6201 

0. 8563 
. 8543 
.8499 
.8380 
. 8114 
. 7476 
. 6222 

-0.0040 
-f.0074 
-.0047 
-.0027 
-.0081 
+.0079 
-. 0021 

Pir- 
eent 
-0. 47 
+.87 
-.55 
-.32 
-1.00 
+1. 06 
-.34 
+.95 


1 


deviation. 

! 

j 


® Expressed as percentage of the ad libitum feed consumption. 

& Calculated by means of the equation, 2^:^=0.06568(^-10,2403), in which y=the Spillman ratio, 

i?, and J!:= the level of feed intake. 

« Calculated by means of the equation, IH q 0.07689(x- 11 .8420) , in which 1/ and a* have the same 

significance as in the preceding footnote. 


i: 

!■ 

I, 
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Figure 9 clearly shows the relationship between the Spillman ratio 
and the relative level of feed intake. Although, as previously stated, 
this ratio decreases as the 
level of feed intake is de- 
creased, the rate of decrease 
is relatively slow until a level 
of about 50 percent is reached, 
after which it becomes very 
rapid. This was one of the 
reasons that earlier in this 
paper a level of feed intake 
equal to 70 percent of the 
ad libitum level was recom- 
mended for use in compara- 
tive feeding experiments. 

By means of the equations 
given in the foo tnotes to table 
4 one may calculate the value 
of i? with a high degree of 
accuracy for any relative 
level of feed intake, at least 
over the interval stiidiedj i.e., between approximately 20 and 100 per- 
cent of the ad libitum feed consumption. In the case of the males it 
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of level of feed intake on the Spillman ratio, 
R (or . The solid-line curves were plotted by means of 
the equations given in footnotes 6 and c of table 4. 
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is found that R is equal to 0.9096 for the ad libitum level and 0.8945 
for the 70-percent level; and in the case of the females the corre- 
sponding values of R are 0.8563 and 0.8476, respectively. 

l\lth"^tiie exception of swine, the growing animal makes larger 
gains in live weight when full-fed than wdien underfed, and makes them 
more econoniically. Hence, two very practical questions arise: (1) 
Whai constitutes underfeeding? and (2) how- serious is a given degree 
of underfeeding? The answ-er to the first question is that anything 
materially less "than the ad libitum level of feed intake is underfeeding 
in the case of the growdng animal. The second question can be 
answered satisfactorily only w^hen the case is accurately specified. 
Nevertheless it may be showm, means of the figures given in the 
preceding paragraph, that the first 4 kilograms of feed consumed by a 
growing cockerel, if fed at the 70-percent level, are utilized nearly 97 
percent as efficientl}^ as they would be if fed at the 100-percent, or 
ad libitum, level. In the case of the grownng pullet the feed is utilized 
slightly more than 98 percent as w-ell at the 70-percent level as it is 
at the lOO-pereent level. 

lilien an animal is grossh- underfed, the situation is quite different. 
For example, a pullet utilizes her first 4 kilograms of feed only about 
83 percent as w'ell at the 40-percent level of intake as at the 100- 
percent level, and the cockerel utilizes his feed only about 79 percent 
as w-elL 

EFFECT OF THE LEVEL OF FEED INTAKE ON THE TOTAL GAIN POSSIBLE 

The data presented in table 5 show that B, the total gain possible 
on any given level of feed intake, decreases as the level of feed intake 
is decreased. This is showm graphically in figure 10, which indicates 
the mathematical form of the relationship between the two. Too few 
data are available to enable one to determine the precise form of the 
equation most suitable for expressing .5 as a function of level of feed 
intake ; how^ever, to enable one to estimate the numerical value of B 
for any relative level of feed intake wdtliin the range studied, the data 
w-ere graduated by means of the equation 


= a — 


(6) 


In table 5 the numerical values of B, calculated by means of this 
equation, are compared wdtli the observed values. Although the 


^ For computin?; the relative effleieney of utilization of the feed when fed at two different levels, a function 
involving only i? is to be preferred to one involving both J5 and i?, since U (table 4) was graduated with 
moeh greater precision t han B (table 5) . A suitable function involving only B may be obtained as follows : 

Sinc« the initial weight, IFi, is given by the equation It follows, then, that t he 

gain, -G, may be expressed as foHows: = Hence, the ratio of 

the gain resulting from the first 4 kilograms of feed at the 70-pereent level of intake lo the gain resulting from 
the same quantity of feed at the ad libitum level is ... 

Oto (1— i?*rc) 

Gioo Bioo(l—Hboo)- 

; Since,, the product of and Bis a constant, /c7oB7e=a constant- JfciooBioo; hence ', 

Bto _ fcioo 
Bioo JCTO, 

Also, since e. 2.3026 tegB. Hence, one may write ■ 

1 ) _ hma~B*7 o) (-2.3026 log Bm) (-log Bim.) ( 1 -Bhn) 

' Otm A-7 s'( 1 *”(-2.3026 log B7 p)''{1—B<i») (-log B 70 ) (l-Bho-i) 

■ 4 ' „ ■ ' ' ■ .■ '■ 


(-log C).9(»6) (1-0.8045) _ (0.041 1495) (0.3598) 
4 (0.0484197) (0.3155) 


C-i0g 0.8945) (1-0.9094) 


0.QH8Q55Q01O 

0.01527641535 


—0.9692, or appro.ximately 97 i)ercent. 
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agreement between tbe two is not so good as is to be desired ^ especially 
in the case of the males, one can interpolate by means of equation 6 the 
expected total gain for any level 
of feed intake vdth a fair degree 
of accuracy. 

Table 5 shows that the calcu- 
lated value of B for the pen of 
males and the pen of females 
which ate all the feed they 
wanted is appreciably greater 
than the observed value in both 
cases. This, no doubt, is due in 
part to the fact that the chicks 
in these two pens wasted some 
of the feed given them. The 
value of B for the pen of males 
on the 29.4-percent level of feed 
intake is out of line with the 
values of this parameter for the 
other pens of males; likewise the value of A, the maximum average 
live weight attainable, is out of line. The reason for these apparent 
discrepancies is not known. 

Table 5. — Effect of level of feed intake on numerical value of B, total gain possible 
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Figure 10. —Effect of level of feed intake on B, the 
total j9;ain possible, d'he dash-line oiirves were plotted 
by means of the equations given in footnotes b and 
c of table 5. 


Males 

Females | 

Relative 
level of 
feed 
intake « 
(percent) 

B (total gain 
possible) 

Difference be- 
tween observed 
and calculated 

Relative 
level of 
feed 
intake « 
(percent) 

B (total gain 
possible) 

Difference be- 
tween observed 
and calculated 

Ob- 

served 

Calcu- 
lated ^ 

Absolute 

Rela- 

tive 

Ob- 

served 

Calcu- 
lated « 

Absolute 

Rela- 

tive 


KUo> 

Kilo- 

Kilo- 



Kilo- 

Kilo- 

Kilo- 



grams 

grams 

gram 

Percent 


grams 

grams 

gram 

Percent 

100.0... 

3. 642 

3. S45 

-0.203 

-5.28 

100.0... 

Z131 

2. 459 

-0. 328 

0-13.34 

68.6... 

2. 923 

2. 837 

±.086 

±3.02 

85. 4... 

2.330 

2. 317 

±. 013 

±.58 

58. 9... 

2 . 5SS 

2. 465 

±. 123 

±5.00 

73.6— 

2.132 

2. 15^1 

-.022 

-1.04 

49. 0... 

2.202 

2. 050 

±. 162 

±7.42 

60.9-- 

1.941 

1. 919 

±. 022 

±1.12 

39.2--.: 

1.620 

1.602 

±.018 

±1. 14 

49.2... 

1.f508 

1. 623 

-.015 

-.89 

29, 4-..I 

. 951 

1. 113 

-.162 

-14.54 

36.8... 

1. 201 

1. 195 

±.006 

±.54 

19.6-.- 

.606 

. 679 

±. 027 

±4.64 

24.5— 

. 613 

. 613 



Coefli- 



i 


Coefifi- 





cient of 





clentof 





devia- 





devia- 





tion., 




±9.37 

tion___- 




/±6.74 , 











Expressed as iiercentage of ad libitum feed consumption. 

Calculated by means of the equation, ^==6.97497— 7.61302€“®*'»S8S843*, in which p=B, the total gain pos- 
sible, and j= the level of feed intake. 

« Calculated by means of the equation, j?=2,77507— 4.03429€”S-®2446i2i33e^ in which m and ^ have the same 
significance as in the preceding footnote. 

This value of JB is obviously out of line with the other values of B and, hence, was not used in fitting the 
equation, i^=«— to the data for the females. 

* When this value is omitted (for the reason stated in footnote '^) the ct^fficicnt of deviation becomes 
±1.12 percent. ■. 

f As stated in footnote .when the first value in this column is omitted, the coefficient of deviation is 
reduced from 6.74 to 1.12 percent. 


SIGNIFICANCE OF PARAMETERS OF EQUATION OF CURVE OF DIMINISHING INCRE- 
MENT WHEN APPLIED TO DATA ON FEED CONSUMPTION AND LIVE WEIGHT 

Jull and Titus (S), in their earlier study of the gi-owtli of chickens 
in relation to feed consumption, were led to the conclusion that the 
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parameters ^-1 and B {M and rl, respectively, in their paper) could be 
considered only as eiiipirical constants. In the present study a much 
more extensive set of data was obtained, and in the^interval between 
the two investigations a very satisfactory and suitable method of 
fitting the equation was developed. 

A comparison of the observed and calculated live weights showed 
that the average initial live weights, i.e., the average live weights 
before any feed was consumed, were x^eproduced with^ a high degi^ee 
of precision by the equation of the curve of diminishing increment. 
Furthermore, this comparison showed that, on the whole, the observed 
and calculated average live weights^ agreed extremely well throughout 
the growth intervals studied, especially in those pens in which the 
feed consumption was controlled and in which the level of feed intake 
was more than 50 percent of the ad libitum level. These considera- 
tions lead the wiiters to the following conclusions regarding the sig- 
nificance of the three parameters of the equation of the curve of dimin- 
ishing increment. 

(1) A represents the maximum average live weight attainable on a 
given level of feed intake, provided that that level is maintained and 
that no appreciable fattening occurs. In the case of chickens allowed 
to eat all they want of an adequate diet, A represents the maximum 
average live weight attainable, provided no appreciable fattening 
occurs. 

(2) B represents the difference between the maximum average live 
weight, A, and the average initial live weight; that is, it is numer- 
ically equivalent to the average total gain which can be made, if no 
appreciable fattening occurs. 

(3) R, the Spillman ratio, is the inverse ratio of the gains in live 
weight resulting from any two successive units of feed consumed. 

Since the fii*st derivative of the equation of the curve of diminishing 
increment may be wiitten 

dW!dF=-kB^-^^ ( 6 ) 

or 

dWldF^-kBR^ (60 

it follows that kB is equal to the maximum efficiency of the feed in 
producing gains in live weight, if this efficiency is defined as the ratio 
of the gain in live weight to the quantity of feed required to produce 
the gain. The efficiency of successive units of feed decreases in geo- 
metrical progression and the magnitude of the decrease is determined 
by the Spillman ratio, .ff (or €■■**). 

In regard to its significance, kB should not be confused with M, 
wbich the miters proposed in an eai-lier paper {2) as a measure of feed 
efficiency. The former represents the maximum efficiency which a 
feed may actually have and the latter represents the maximum effi- 
ciency which it would have if the animal to which it is fed had an inital 
live weight of zero. The value of kA is dependent on the maximum 
live weight attainable by the animal, whereas the value of is de- 
pendent on both the maximum and initial live weights, since 

B-A—Wi {wi being the initial live weight). 
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The values of the maximum efficiency of the feed (kB) are given in 
table 3 for each of the 14 pens. Although there appears to be a slight 
tendency for the maximum efficiency to increase at first and then to 
decrease as the level of feed intake is decreased, there is a marked 
agreement among the values. If the values for the two pens on the 
lowest absolute level of feed intake are elinoLinated, the weighted mean 
value of kB is 0.350 ± 0.001 and the range is from 0.331 to 0.359. 

The various numerical values of A, B, and R in the equation of the 
curve of diminishing increment and the parameters of the equations 
which are given for expressing the relationship between (1) B (the 
Spillman ratio) and the level of feed intake and (2) B (the total gain 
possible) and the level of feed intake hold only for the particular diet 
fed and for the particular crossbreed of chicken used. However, it is 
reasonably certain that, with suitable values for the parameters, the 
several equations used in this study wUl hold for any adequate diet 
and for any breed of chickens. 

EFFECT OF SEX ON UTILIZATION OF FEED 

If, for corresponding absolute levels of feed intake, one compares 
the numerical values of the Spillman ratio for the two sexes, he finds 
that for the first three of the levels less than the ad libitum level the 
values of R are greater for the males than they are for the females, 
but on the two lowest absolute levels the opposite is true. If it is 
assumed that the product kB is constant regardless of sex or level of 
feed intake (and the values of this product given in table 3 seem to 
indicate that this may be the case), one is led to the conclusion that 
on the higher absolute levels of feed intake the males of this cross- 
breed are more efficient in the utilization of feed than the females, 
but on the lower levels the latter are the more efficient. 

Even if one does not make this assumption regarding the constancy 
of the product kB^ the conclusion still appears to hold for the following 
reasons: 

(1 ) The efficienc}^ of the feed is given by the equation 

l^&ciencj~dWldF=^kBR^; 

(2) The Spillman ratio, 12, decreases at a greater rate than does 
the product kB after the latter^s apparent maximum is reached ; 

(3) The values of the Spillman ratio on the higher levels of feed 
intake are greater for the males than for the females; and 

(4) On the two lowest levels the opposite of the preceding statement 
is true. 

If, instead of comparing the efficiency of the males and females on 
the basis of the absolute levels of feed intake, one makes the com- 
parison on the basis of the relative levels of feed intake, it is found 
that the males are the more efficient for all the relative levels studied, 

SUMMARY AND CONCLUSIONS 

Extensive and critical data were obtained on the relationship 
between feed consumption and live weight in the case of crossbred 
chickens (Rhode Island Red males mated to Barred Plymouth Rock 
females). Seven pens of males and seven pens of females were fed 
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at different levels of feed intake j including the ad libitum and six 
lower levels, for a period of 52 weeks. The weight of feed consumed 
per chicken per week and the average live weight of the chickens at 
the end of each week were obtained. 

Bv- nieans of a suitable method, the equation of the curve of dimin- 
ishing increment was fitted to the data recorded for each of the 14 
pens of chickens. It was found that the average live weights com- 
puted by means of this equation agreed very closely with the observed 
average live weights. It was also found that a rational meaning 
could be assigned to the three parameters of this equation. 

It was possible to describe accurately, by means of a simple equa- 
tion, the relatioiisiiip between the level of feed intake and the Spillman 
ratio. It is recommended that in comparative feeding experiments 
all the groups be fed at a level of feed intake equal to 70 percent of an 
approximation of the idealized ad libitum feed consumption. ^ At this 
level the value of the Spillman ratio is nearly as large as it is at the 
ad libitiim level. Under these conditions the several groups would 
eat the same quantity of feed, unless it were unpalatable, and the 
feed coiisiimption would follow a definite course. The latter point 
is of importance since uniformly regular growth can take place only 
when the feed eoiisuinption follow^s a uniformly regular course. 

The followdng conclusions are drawm: 

The equation of the curve of diminishing increment, W ^ A — BR^ , 
describes with a high degree of accuracy the relationship between 
feed consumption and live weight over a wdde range of levels of feed 
intake. 

A in the above equation represents the maximum live weight 
attainable on a given, level of feed intake, provided this level is main- 
tained and no appreciable fattening occurs. 

B in the above equation represents the maximum gain possible 
under the conditions just stated. 

i?, the Spillman ratio, is the inverse ratio of the gains in live w^eight 
resulting from any t wo successive units of feed consumed. 

The relationship between level of feed intake and the numerical 
value of R is expressible, over the range of levels studied, by the 
equation, 

h in which 

f===the Spillman ratio, x = the relative level of feed intake, and a, k, 
and b are constants. 

The relationship betw^een level of feed intake and the numerical 
value of B is expressible, for the range of levels studied, with a fair 
degree of accuracy by the equation ■ 

y = a — in which 

I/-B, the total gain passible; x-the relative level of feed intake, and 
a,. ..5, and 1 are constants. 

^ On the higher absolute levels of feed intake the males of the cross- 
oreed studied are more efficient than the females in their iitilization 
of feed for growffh, whereas on the very low absolute levels the opposite 
IS true. ,, 
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COMPARISON OF THE PULLORIN AND THE RAPID 
WHOLE-BLOOD AGGLUTINATION TESTS FOR PULLO- 
RUM DISEASE^ 

By Hubert Bunyea ^ 

Veterinarian j Pathological Division^ Bureau of Animal Industry y United States 
Department of Agriculture 

INTRODUCTION 

The control of pullorum disease is based on the diagnosis of the 
carrier fowl and its elimination from breeding. Various tests are at 
present in use in different parts of the country for diagnosing the 
pullorum-disease carrier. The ^Tong” or agglutination test 

has been in use since 1913 and has been developed to a considerable 
degree of refinement. The principal objections to it are its slowness 
and the comparatively great expense and labor involved in its applica- 
tion. To meet these objections more simple methods have since been 
devised. Some of these retain the principle of serum-antigen aggluti- 
nation, but one is based upon the allergic reaction of living tissue. 
This last is known as “the pullorin tesU’ or “the intradermic test” for 
pullorum disease. The name “pullorin” refers to the reagent 
employed. 

However, in the 17 years in which it has been known, the pullorin 
test has not been widely accepted by poultry-disease diagnosticians, 
many of whom have been skeptical as to its accuracy. The experi- 
ments recorded in this paper were conducted with a view to ascer- 
taining more fully the relative diagnostic value of the pullorin test 
as compared with the rapid whole-blood agglutination test ^ for 
pullorum disease. The latter test involves the use of a stained 
antigen. The rapid whole-blood agglutination test was selected for 
the comparisons because it had the advantages claimed for the pul- 
lorin test with regard to simplicity and economy. The experiments 
also included some corroborative tests by the tube agglutination 
method. 

HISTORICAL REVIEW 

"Ward and Gallagher ^ in 1917 first reported the development of an 
intradermic test for pullorum disease. These workers prepared an 
allergic reagent by inoculating broth with cultures of SalmomUa 
pullorum^ incubating at 37^ C. for 1 month, holding the broth in an 
ice box for about 6 months, then passing it through a Berkef eld filter, 
and finally preserving it with 0.5-percent phenol. This product was 

1 Received for publication Max. 30, 1934; issued July 1934. 

2 The writer expresses his indebtedness to J. M. Rosell, professeur de bacteriologie a I’EcoIe de Medicine 
Veterinaire de la Province de Quebec et a I'lnstitut Agricole d’Oka, for preparing piiUorin R and adminis- 
tering and interpreting this test in the flock in which it was used; to George W. Stiles, in charge of the 
U.S. nepartment of Agriculture branch pathological laboratory at Denver, Colo^ for preparing pullorin S; 
and to W. J. Hall, assistant veterinarian in charge of the Department's branch pathological laboratory, 
Beltsville, Md., for his valuable assistance in conducting the agglutination test on the flock in which pul- 
iorins R and S were us^d. 

3 Schaffer, J. M., MacDonald, A. D., Hall, W. J., and Bunyea, H. a stained antigen for the 

RAPID WHOLE BLOOD TEST FOR PULLORUM DISEASE. JouT. Amor. Vet. Med. Assoc. (n.s. 32) 79: 236-240, 
1931.' . . 

4 Ward, A, R., and Gallagher, B. A. an intradermal test foe bactieium pullorum infection 
IN FOWLS. , U.S. Dept. Agr. Bull. 517, 15' pP- 1917. . . 
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injected iiitiTicIeriiiicaliy into one of the wattles of the fowl to be tested. 
After 24 hours the injek.ed wattles of infected fowls were swollen^ and 
those of uninfected fowls were not swollen. The swelling of the wat- 
tles of reactors increased noticeabty in the next 24 hours. 

These authors later modified their product by growing the organism 
in, broth for 1 month at 37.5® C.j and killing it by heating at 60® for 
1 hour in a water bath. They then carbohzed it to 0.5 percent. This 
product was employed without filtration. 

The formula thus developed has been largely the basis of most of 
the coiiimercial and experimental pullorins since used. Pullorins of 
the type of that first described are usually referred to as noncellular, 
or cell-free piillorinSj whereas those of the second type are known as 
cellular piillorins. 

A number of contemporary workers have investigated the possibili- 
ties of the diagnosis of pullorum disease by means of an allergic test. 
Eettger and Hastridge state: ‘‘The beliefs expressed at the 1930 
Poultry Congress in London were, with one exception, distinctly 
unfavorable to the piillorin test.” A translation of KoselFs ^ com- 
ments on the comparative results between the pullorin test and the 
stamed-antigen, rapid whole-blood test is as follows: 

^ In a eomparative test of the efficiency of this method with those employing 
different kinds of pullorin, one of -which was of the soluble type which I prepared 
by a new method, the results achieved in collaboration with Drs. Hall and 
Bunyea were favorable to the whole-blood method which possessed the advantage 
of requiring only one visit to the poultry plant. This method assuredly provides 
the more practical means of combating pullorum disease. 


EXPERIMENTAL PROCEDURE 


The experiments comprised field trials of the pullorin test in com- 
parison with the stamed-antigen, rapid whole-blood agglutination 
test ^ applied to previously untested poultry flocks in the vicinity of 
Washington, D.C. The plan of this investigation included the use 
of several commercial brands of pullorin and one or more pullorins 
prepared by research workers. Arrangements w'ere accordingly made 
with four nearby flock owners for the application of the comparative 
tests, which w^ere to be conducted simultaneously. However, neither 
test was to be set up as the standard by which to judge the merits or 
defects of the other. The value of a diagnostic test consists in its 
abuity to detect the presence of the elements or processes of disease. 
Therefore, the criterion proposed in these experiments was that of 
the laboratory demonstration of Salmonella pullorum in the carcasses 
of reacting fowls selected from the four flocks tested. 

In the case of fowls slaughtered from the last three flocks, a tube 
test was included at autopsy, as having some corroborative value 
reference to the rapid whole-blood agglutination test findings 
Five different pullorins were used, two of which were noncellular 
and. three cellular. The two experimental pullorins, E and S, were 
prepared, respectively, by J. M. Rosell® and George W. Stiles. 
Eosell gives the following information * concerning his method of 
preparation of the cell-free pullorin: 


Re\'. Inst^Aer. SUE OUELOUES TOINTS D’ACTUALIXfe EN PATHOLOGIE ANIMALE. 

Seefootnotea 

® Rosell, J. M. Informal cofflnmmcation. ■ 
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Five strains of Salmonella pullorum (B.A.I, strains 10, 11, 14, 17, and 20) were 
used in preparing the pullorin. Each strain was grown separately in flasks 
containing 20 cc of glucose-peptone broth adjusted to a reaction of pH 7.2. 
The flasks were incubated for 10 da\"s at 37° C. At the end of this period suffi- 
cient sterile sodium hydroxide was added so that the broth gave a clear alkaline 
reaction, by using phenolphthalein as an indicator. It was again incubated for 
3 days at 37° or 40° C. in order to obtain a better autolysis of the cells. 

After the 3-day incubation period, the culture were frozen for manv hours by 
the use of dry ice, and then melted at 45° C. This procedure of freezing and 
melting was repeated twice in order that a more complete autolysis be obtained. 
Microscopically, smears revealed that most of the cells were autolysed. 

After purity tests were made the different culture autolysates' were mixed 
and centrifuged in large centrifugal tubes. The supernatant' fluid was removed 
by decantation. To the reunited sediments 20 cc of 0.75-percent sterile potas- 
sium hydroxide was added, and this -was then shaken and heated at 50° G. 
until a gelatinous fluid was obtained. This fluid was then centrifuged and the 
supernatant fluid was added to the supernatant fluid obtained from the first 
centrifugation. This liquid was adjusted to a pH of 7.2 by adding N/10 hydro- 
chloric acid. 

To obtain a more concentrated pullorin the liquid was submitted to a process 
of evaporation without heating it over 48° C. The liquid was placed in a shallow 
porcelain pan which was maintained in a water bath of 48° C. for 5 hours. During 
this time air was allowed to pass through the liquid by means of small glass pipes, 
and the air currents from an electric fan passed over the surface of the liquid. 
By this means 1,000 cc of the fluid was evaporated to 666 cc. 

Sufficient carbolic acid was then added to the product so that it would contain 
0.3 percent of this preservative. It wms then filtered through a Mandler candle 
and transferred aseptically into 20-cc sterile rubber-stoppered vials. 

The pullorin supplied by Dr. Stiles was prepared by Mm essentially 
after the modified Ward and Gallagher formula, as follows: Five or 
six flasks of broth were inoculated with separate strains of Salmonella 
pullorunfij incubated for at least 1 month, heated at 60'^ C. for 2 
hours, carbolized, and tested for sterility. They were mixed before 

No information is ayailable as to the methods used in the manu- 
facture of the several commercial pullorins. 

The method employed in determining the presence of Salmonella 
jMllorum infection in the slaughtered birds was the same as that used 
by Bunyea and Hall,^® namely, the aseptic removal and crushing of 
the entire ovary or testicle, which was then placed in a culture flask 
of beef infusion broth containing brilliant-green dye in the propor- 
tion of 1 to 50,000. Individual colonies of S. pullorum were recovered 
from subcultures made from the brilliant-green broth cultures onto 
plain agar. The organisms were identified in each instance in the 
manner described by Bunyea and Hall, 

RESULTS OBTAINED 

Table 1 shows the percentage of agreements and disagreements 
between the reactions (1) to the various pullorins used intradermi- 
cally in the pullorin test and (2) to results obtained with the rapid 
whole-blood agglutination test: 

JO Bunyea, H., and Hall, W. J. the eelation of agglutination reaction, to .salmonella .pul-, 

LOEUM infection IN HENS, AND OBSERVATIONS ON THE DIAGNOSTIC EFFICIENCY OF TEST METHODS, JODT. ' 
Amer. Vet. Med. Assoc, (n-s. 33) 80: 491-496, illus. 1932. 
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injected iiitraclermicall^^ into one of tlie wattles of the fowl to be tested. 
After 24 hours the injected wattles of infected fowls w^ere swollen, and 
those of uninfected fowls were not swollen. The swelling of the wat- 
tles of reactors increased noticeably in the next 24 hours. 

These aiithors later modified their product by growing the organism 
in broth for 1 month at 37.5° C., and Idlling it by heating at 60° for 
1 hour in a water bath. They then carbolized it to 0.5 percent. This 
product was employed without filtration. 

The formula thus developed has been largely the basis of most of 
the coininercial and experimental pullorins since used. Pullorins of 
the type of that first described are usually referred to as noncellular, 
or cell-free pullorins, wdiereas those of the second type are known as 
cellular pullorins. 

A number of contemporary workers have investigated the possibili- 
ties of the diagnosis of pullorum disease by means of an allergic test. 
Rettger and HastridgeA state: ‘‘The beliefs expressed at the 1930 
Poultry Congress in London w^ere, with one exception, distinctly 
unfavorable to the pullorin test.’’ A translation of RoselPs ® coni- 
ments on the comparative results betw^een the pullorin test and the 
stained-antigen, rapid wRole-blood test is as follows: 

In a comparative test of the efficiency of this method with those emplo^dng 
different kinds of pullorin, one of which was of the soluble type which I prepared 
by a new method, the results achieved in collaboration with Drs. Hall and 
Bunyea were favorable to the whole-blood method which possessed the advantage 
of requiring only one visit to the poultry plant. This method assuredly provides 
the more practical means of combating pullorum disease. 


EXPERIMENTAL PROCEDURE 


The experunents comprised field trials of the pullorin test in com- 
parison wdth the stained-antigen, rapid wdiole-blood agglutination 
test " applied to previously untested poultry flocks in the vicinity of 
Wasliington, D.C. The plan of this investigation included the use 
of several commercial brands of pullorin and one or more pullorins 
prepared by research workers. Arrangements were accordingly made 
with four nearby flock owners for the application of the comparative 
tests, wliich w'ere to be conducted simultaneously. However, neither 
test wm to be set up as the standard by which to judge the merits or 
defects of the other. The value of a diagnostic test consists in its 
^iiity to detect the presence of the elements or processes of disease. 
Therefore, the criterion preposed in these experiments was that of 
the laboratory demonstration of Salmonella pullorum in the carcasses 
of reacting fowis selected from the four flocks tested. 

In the case of fowds slaughtered from the last three flocks, a tube 
test was included at autopsy, as having some corroborative value 
wiOi reference to the rapid wRole-blood agglutination test findings, 
bive different pullorins w^ere used, two of which were noncelluiar 
and three cellular. The two experimental pullorins, R and S, were 
prepared, respe^^^ by J. M. Resell « and George W. Stiles^^^ 
Koseli grees the following information ® concerning his method of 
preparation.'Of' the' ceU-free pullorin: 


D0M,ESTIC FOWL. A. MONOORAPH. 

Inst b»actualit& en pathologie a'nimale,. 

Seefootnotes. , ; 

» Eosell, J, XI. Informal commanication. 
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Five strains of Salmonella pidlorum (B.A.I. strains 10, 11, 14, 17, and 20) were 
used in preparing the pullorin. Each strain was grown separate! v in flasks 
containing 20 cc of glucose-peptone broth adjusted to a reaction of pH 7.2. 
The flasks were incubated for 10 days at 37° C. At the end of this period sufli- 
cient sterile sodium hydroxide was added so that the broth gave a clear alkaline 
reaction, by using phenolphthalein as an indicator. It was again incubated for 
3 days at 37° or 40° G. in order to obtain a better autolysis of the cells. 

After the 3-day incubation period, the culture were frozen for many hours by 
the use of dry ice, and then melted at 45° C. This procedure of freezing and 
melting was repeated twice in order that a more complete autoivsis be obtained. 
Microscopically, smears revealed that most of the cells were autolysed. 

After purity tests were made the different culture autolysates' were mixed 
and centrifuged in large centrifugal tubes. The supernatant' fluid was removed 
by decantation. To the reunited sediments 20 cc of 0.75-percent sterile potas- 
sium hydroxide was added, and this was then shaken and heated at 50° C. 
until a gelatinous fluid wms obtained. This fluid was then centrifuged and the 
supernatant fluid was added to the supernatant fluid obtained from the first 
centrifugation. This liquid was adjusted to a pH of 7.2 by adding N/10 hydro- 
chloric acid. 

To obtain a more concentrated pullorin the liquid was submitted to a process 
of evaporation wnthout heating it over 48° C. The liquid was placed in a shallow 
porcelain pan which wsls maintained in a water bath of 48° C. for 5 hours. During 
this time air wms allowed to pass through the liquid b.y means of small glass pipes, 
and the air currents from an electric fan passed over the surface of the liquid. 
By this means 1,000 cc of the fluid was evaporated to 666 cc. 

Sufficient carbolic acid was then added to the product so that it would contain 
0.3 percent of this preservative. It was then filtered through a Mandler candle 
and transferred aseptically into 20-cc sterile rubber-stoppered vials. 

The pullorin supplied by Dr. Stiles was prepared by him essentially 
after the modified Ward and Gallagher formula, as follows: Five or 
six flasks of broth were inoculated with separate strains of Salmonella 
pulloruMj incubated for at least 1 month, heated at 60^ C. for 2 
hours, carbolized, and tested for sterility. They were mixed before 
use. 

No information is available as to the methods used in the manu- 
facture of the several commercial pullorins. 

The method employed in determining the presence of Salmmella 
pullorum infection in the slaughtered birds was the same as that used 
by Bunyea and Hall, namely, the aseptic removal and crushing of 
the entire ovary or testicle, which was then placed in a culture flask 
of beef infusion broth containing brilliant-green dye in the propor- 
tion of 1 to 50,000. Individual colonies of S. pullorum were recovered 
from subeultures made from the brilliant-green broth cultures onto 
plain agar. The organisms were identified in each instance in the 
manner described by Bunyea and Hall. 

RESULTS OBTAINED 

Table 1 shows the percentage of agreements and disagreements 
between the reactions (1) to the various pullorins used intradermi- 
cally in the pullorin test and (2) to results obtained with the rapid 
w^hole-blood agglutination test. 

10 Bunyea, H,, and Hall, W. J. the eelation oe agglutination beaction to salmonella pul- 
LOEUM infection IN HENS, AND OBSERVATIONS ON THE DIAGNOSTIC EFFICIENCY OF TEST METHODS. Jour. 
Amer. Vet. Med, Assoc, (n.s. 33) 80: 491-490, dins. 1932. 
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Table 1. — Percentages of agreements and disagreements hetioeen results of the pullorin 
test and the rapid whole-blood agglutination test 


Pullorin used 

Birds 

tested 

Agreements i 

Disagreements ^ 

Source and designation 

Type 

Pullo- 
rin +, 
agglutina- 
tion -4- 

Pullo- 
rin — , 
agglutina- 
tion — 

Pullo- 
rin +, 
agglutina- 
tion — 

Pullo- 

rin 

agglutina- 
tion + 

Experimental: 

K 

R 

Noncelliilar 

Cellular - 

Number ! 
218 i 
107 1 

224 1 
182 i 
129 1 

Percent 

18.4 

23.4 

1.3 
17. 0 

2.3 

Percent 

49.5 
44.9 

66.5 

52.2 

71.3 

Percent 

5.5 
12,0 

3.6 
14.8 

6.2 

Percent 

26.6 

19.7 

28.6 

16.0 

20.2 

Commercial; 

. __do - - 



2 1 

, i 

Noncellular-. 

Cellular 

Total or average ! 


860 i 

11.8 

57.2 

7.9 

23.0 


-f indicates a positive reaction; — , a negative reaction. 


From table 1 it may be observed that the total average agreement 
in both positive and negative cases is 69 percent, whereas the total 
average disagreements aggregate 31 percent. Marked fluctuations 
for the various pullorins are plainly evident. 

Tables 2 to 4 show comparisons of the results obtained from the 
piillorin tests, and the rapid whole-blood agglutination tests, based 
on their agreement or disagreement with bacteriological findings. 
Tables 3 and 4 include results obtained from the tube agglutination 
test, used post mortem. 


Table 2. — Comparison of results obtained from pullorins R and S and the rapid 
whole-blood agglutination test^ based on their agreement or disagreernent with bac- 
teriological findings 


Fowl 

no. 

i 

i Reaction of bird to— 

Post-mortem findings 

Agreement (-I-) or 
disagreement (-) 
between bacterio- 
logical findings 
and— 

i 

j 

Pullorin R 

Pullorin S 

Rapid whole- 
blood aggluti- 
nation test 

Typical lesions 
noted 

Salmonellu 

pullorum 

isolated 

Pullorin 

test 

Rapid 
whole- 
blood ag- 
glutina- 
tion test 

:30 

Negative 


Positive 

No, - -- 



4- 

414, 

!, do . 




Nn 

-I-. 

4- 

IS 

Positive 


- - do-- -- 



+ 


70 

dO-: 


do - 

No 

No 


4- 

287 

do.-. 


do 

No— 

No 

— 

4- 

172 

do 


do 

No — _ 




4- 

422 

-do,-....-,...,. 


do 

No - 

No 

_ 

4- 

74 

Negative. 


do 

Yes 



4- 

10 , 




do 

Yes — 

Yes 

__ 

4- 

90 ! 

- do-_. 


do 

Y'es-.-. 

Yes. 


4- 

148 I 


Pos.itive 

.do 

Suspicious 

TvTn 


4- 

101 1 


...... do.. 

----do--..-.... 

-----do 

No--.— 


4- 

191 1 


.do.. 

-....do-------- 

No-.-... 

No-- . ■ 



4 - 

135 ’ 



----.do 

_do- 

Suspicious - - 

No.-..---- 


■ X. 

230 ,( 


Positive.-- 

Yfts 

Vftf? 


-r 

+ 
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Table 3. — Coniparison of results obtained from commercial pullorins no. 1, no, 2, 
and no. 3, and the rapid whole-blood and Me agglutination tests ^ based on their 
agreement or disagreement with bacteriological findings 

PULLOKIN NO. 1 


Fowl 

no. 

Reaction of bird to— 

Post-mortem findings 

1 

Agreement (+) 
or disagreement 
(— ) between 
bacteriological 
findings and— 

PuUorin 

test 

Rapid 
whole- 
blood ag- 
glutination 
test 

Tube agglutination test with blood- 
serum dilutions of— 

Typical 

lesions 

noted 

Salmon' 

etla 

pulloTum 

isolated 

Pullo- 
rin test 

Rapid 

whole- 

blood 

aggluti- 

nation 

test 

1:25 

1:50 

1:100 

95 

Negative-- 

Positive--- 

Positive.— 

Positive... 

Positive— 

No 

Yes— ... 

_ 

+ 

76 

--.do. - 

---do 

---do 

-.-do 

—-do - 

No 

No-.--.- 

+ 


S3 

---do 

..-do 

—do - 

---do 

...do 

No 

No 

+ 

— 

.451 

--.do- 

--.do 

...do 

---do 

...do 

Yes 

Yes 


_l_ 

107 

Positive--. 

Negative.. 

Partial 

Partial — 

Partial 

No 

No 

— 

! + 

57 

Negative. - 

Positive. -- 

Positive--- 

Positive... 

Positive-- 

No 

No- 

+ 


25 

...do 

...do 

Slight 

Partial 

...do 

No 

Yes 


-f 

140 

...do - 

...do 

Positive--. 

Positive. -- 

Partial 

No 

No 

+ ; 


82 

...do 

---do 

...do 

...do 

Positive... 

No 

Yes 


-1- 


PULLORIN NO. 2 


2760 

Positive.. - 

Positive... 

Positive— . 

Positive... 

Partial 

No 

No- 


2766 

Negative 

...do 

--do. 

Negative.. 

Negative.. 

No 

No 

4- 

6308 

Positive... 

...do 

...do 

...do 

...do 

No -• 

‘Yes 

+ 

9182 

...do 

...do 

...do 

Positive— . 

Positive-- 

Yes 

Yes. 

+ 

6332 

Negative. - 

--do 

—do 

...do 

Negative.. 

No 

Yes 

— 

2756 

Positive.. - 

...do 

...do 

...do 

Positive— 

No 

No 

_ 

2747 

Negative. . 

...do 

‘-.do 

...do 

|---do 

No 

Yes 

— 

•2730 

Positive. - . 

...do 

...do 

...do 

Negative.. 

Yes..--! 

Yes ‘ 

+ 

6338 

Negative. _i 

...do.. — 

-.do 

...do 

Positive--! 

Yes ! 

Yes 


6376 

Positive... 

...do - 

...do 

-—do 

...do 

Yes i 

Yes 

+ 

2759 

Negative.. 

...do 

—do 

...do -i 

Slight 

No 

No 

+ 

6386 j 

Positive. . . 

...do 

. .r '■'^5 

...do 

Positive— . 

Yes 

Yes 

+ 


PULLOBIN NO. 3 


170 

Negative. - 

Positive 

Positive—- 

Positive,. . 

Partial 

Yes 

Yes--- 


123 


do 



Positive— 

No 

No- 

+ 

164 

-.-do 

—do. 

-.do 

-.-do 

...do 

Yes 

Yes 

177 

--do 

--do 

—.do 

---do 

--.do- 

Yes-.- 

Yes. 

— 

175 

-.-do. 

-.do 

--.do - 

--.do-..--. 

Partial 

Yes 

Yes 

_ 

966 

---do 

...do - 

...do 

do- — 


Suspi- 

cious 

Yes 

— 

993 

...do 

—.do 

—do - 

Partial 

Positive— 

--do 

Yes 

— 

181 

.__do - 

...do 

-.do..— 

Positive,. - 

---do 

Yes.... 

Yes 

— 

967 

...do 

—do 

._-do..-..- 

-.-do 

...do i 

Yes-.-„ 

Yes, 


159 

-„.do 

— .do 

...do. 

- -do. 

-_-do 

Y'es-.-- 

Yes 

— 

982' 

...do 1 

...do 

-.,do._„— - 

...do. - 

—do 

No 

Yes 


149 

169« 

— .do, 

Positive 

...do 

Negative*. 

...do. 

.--do--..-. 

Partial 

No 

No—- 

Yes 

No 

— 

124 

do-..--. 

— do„-„-„ 

Negative— 

Negative.- 

Negative.. 

No 

No,— - 

— 

171 

...do 

.—do 

—do 

—-do------ 

--do..— -- 

■No. 

No 

_ 

156 

— do.— — - 

-.do-- — 

-..do..---- 

---do..-.— 

--.do. — --- 

No 

No— 

— 


« This bird was found dead; consequently no tube agglutination test was made. 

# ' 


-+-+++++++++ ++++ I -r I i + ! ++++ 
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Table 4. — Summary o/ agreements between the diagnostic test reactions, hacterto-^ 
hgical jindings, arid results of the tube aggliitination test used post mortem 


Pullorin used 

Fowls ex- 
amined 
post 
mortem 

Agreement between 
pullorin test and— 

.Agreement between 
rapid whole-blood 

agglutination test 

and— 

Bacterio- 

logical 

findings 

Tube ag- 
glutina- 
tion test 

Bacterio- 

logical 

findings 

Tube ag- 
glutina- 
tion test 

.Experimental: 

A";/ mber 

Percent 

Percent 

Percent 

Percent 

R 

10 1 

20.0 


90.0 


s 


0.0 


100.0 


Couimereial: 








I 9 i 

45.5 

0.0 

55.5 

100.0 


I 12 i 

oS. 3 

i 58.3 

66.7 

83.3 

i.._ 1 

1 16 1 

6.3 

i 0 

93.8 ; 

; 100. 0 

Total or average i 

62 | 

26.0 

1 

19.4 

: 81.2 I 

94.4 


DISCUSSION 

The significant results in tables 2 and 3 and summarized in table 4 
are the percentages of agreement between the various tests and the 
bacteriological findings. 

In tables 2 and 3, particular interest centers on the results with 
commercial pullorum no. 1. The birds used were chiefly pullets. 
Eight of the nine cases examined post mortem showed no macroscopic 
lesions of pullorum disease, and Sabnonella pullorwin was isolated 
from only 4 of the 9 birds. With young fowls it is more difficult to 
harmonize the serological and bacteriological results than with more 
mature ones. The corroborative evidence of the tube test in this 
group gives support to the inference that piillorum^ infection, though 
undiscovered in some birds, probably lurked in their bodies. 

As already noted, macroscopic lesions of pullorum disease in re- 
actors are sometimes lacking, particularly in young fowls, even when 
the infection may be demonstrable by bacteriological procedure. 
TLerefore a diagnosis eliminating pullorum disease on the basis of 
no lesions cannot be made with assurance. 

In table 4 there is seen to be excellent average agreement, 94.4 
percent, between the rapid whole-blood agglutination test and the 
tube test, thus supporting the reliability of the rapid test. There is 
also good agreement, 81.2 percent, between the rapid whole-blood 
aggliitination test and the bacteriological findings. The results 
obtamed by the piillorin test show a much lower percentage of agree- 
ment with the bacteriological findings and the tube agglutination 
test. The evidence thus obtained indicates that the rapid whole- 
blood test is a more reliable diagnostic agent for pullorum disease 
than the pullorin test. 

SUMMARY AND CONCLUSIONS 

Each of four commercial poultry flocks was tested for pullorum dis- 
ease by the stamed-antigen, rapid whole-blood agglutination test and 
the puHorin test. In addition, the tube agglutination test was used 
post mortem on the serum of birds from three of the flocks, as a 
check on the reliability of the rapid whole-blood method. Specimen 
birds were obtained from these flocks, examined post mortem, studied 
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bacteriologicallyj and the findings compared with the test findings. 
In every group the agreement between the rapid whole-blood aggluti- 
nation test and the bacteriological findings was more favorable than 
that between the pullorin test and the bacteriological findings. The 
results of the tube agglutination method, which is of recognized 
dependability, supported the reliability of the rapid whole-blood 
agglutination test. 

Although the experiments here recorded are of limited scope, the 
evidence obtained is in accord with the view^s expressed by other 
workers, that the pullorin test is not so satisfactory a means of 
diagnosing pullorum disease as the rapid whole-blood agglutination 
test. 




THE DISTRIBUTION AND CONDITION OF NITROGEN 
IN THREE HORIZONS OP A DIFFERENTIALLY PERTIL« 
IZED HAGERSTOWN CLAY LOAM SOIL PLANTED TO 
APPLE TREES IN METAL CYLINDERS^ 

By Waltek Thomas 

Professor of fhytochemistry, Pennsylvania Agricultural Station 

INTRODUCTION 

In a recent paper (15) ^ the writer reported the utilization and 
recovery of nitrogen, phosphorus, and potassium by apple trees grown 
in metal cylinders for a period of 6}Iyears. These trees received (each 
spring) during the last 3 years of growth different combinations of the 
pure salts sodium nitrate, monocalcium phosphate, and potassium 
sulphate. It was shown that the ratio in wliich nitrogen (as N), 
phosphorus (as P2O5), and potassium (as K2O) were absorbed from the 
added salts (NaNOa, CaH4(P04)2, and K2SO4) by those trees optimum 
with respect to growth and reproduction, that is, the trees receiving 
the NPK and NP treatments, was 3:0.3: 1.5 as compared with a 
3:8:4 ratio actually applied. This latter ratio was based on the 
current orchard practice. The great divergence between these 
ratios indicated the need for information as to the condition of the 
added nitrogen, phosphorus, and potassium in the soil in order to 
determine the e.xtent to which these “theoretical” quantities and 
ratios should be modified as a result of the changes produced by the 
interaction of the added salts with the soil. The present investigation 
reports the status of the nitrogen in the three soil horizons in the 
cylinders from which the trees referred to above w^ere removed. 

METHODS OF EXPERIMENTATION 

Inasmuch as the detailed plan of this experiment has been reported 
elsewhere (3, 14, Id) a brief outline only is necessary. 

The soil, the analysis of which has been recorded (11), vras formed 
in place by the weathering of limestone to the lower Silurian forma- 
tions, and is of Trenton origin. The excavation was made on a strip 
of land 110 by 11 feet adjacent to the college experimental orchard. 
The history of this land indicates that except for the droppings of 
cattle no dressings of fertilizer had ever been applied. It may, 
therefore, be described as a virgin forest soil. The mechanical analy- 
sis (11) suggests that the surface soU consists of a heavy silt loam 
underlain hj a clay loam which becomes heavier in texture as the 
depth increases. 

The soil was excavated from tliis strip by a scoop shovel. The 
layers from each of three horizons, viz, surface (0 to 7 inches), sub- 
surface (7 to 21 inches), and subsoil (21 to 53 inches), were kept 
separate and each was thoroughly mixed and weighed. The total 

1 Received for publication Nov. 4 , 1933; issued July 1934. Technical Paper no. 613 of the Fennsylvania 
Agricultural Experiment Station. Presented before the American Society for Horticultural Science at the 
Boston (1933-34) meeting of the American Association for the Advancement of Science. 
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weight of tlie liorizoiis was 54^180, 109,200, and 249,000 pounds, 
respectiYely. Iiiasmiicli as tliere were 42 cylinders, an equal distribu- 
tion (by, weight) of each layer among the cylindep would require the 
following quantities of soil to be added to each of the cylinders: Sub- 
soil, 5,930 pounds; subsurface soil, ^2,600 pounds; and surface^ soil, 
1,290 pounds. This equal distribution was effected by ascertaining 
the wnight of each of the respective horizons required to fill a steel 
wheelbarrow similar to those used in highway construction work. 
Such wdieelbarrows were used in filling the cylinders. Followung the 
addition of each wheelbarrow load, uniformity in density of the soil 
was secured by means of iieav}^ wmoden mallets fitted with S-inch cast- 
iron pipe handles 5 feet in length. The process of filling the cylinders 
completed in the spring of 1920. Uniformity with respect to the 
iiitrogeii, phosphorus, and potassium content of the soil in the 
cylinders at this stage was established by analysis. ^ The mean of 30 
determinations for total nitrogen in the original soil is given in the 
first line of table 1. Any departure from these values greater than 
the error of analysis (iOhOOl percent) must be attributed to causes 
resulting from differences in treatment. 

The trees were planted in the spring of 1922. Up to the spring of 
1924 the system of culture was similar in all cylinders. ^ This con- 
sisted of green manuring with buckwheat and rye })rincipally. In 
ilay 1924 half the cylinders were seeded wdth a mixture of Ken- 
tucky bliiegrass, Poa pralensis L., and timothy, Phleum pratense L. 
These cylinders are designated “cylinders under sod.” In the 
remaining half of the cylinders a tillage system was adopted. These 
latter cylinders are designated “cylinders under cultivation. ” A 
distinction must be noted wdth respect to the additions of nitrogen 
from 1925 until the end of the experiment in 1927. During these 
last 3 jmars of the experiment the C 3 dinders under cultivation received 
15.9 grams more nitrogen than the cylinders under sod. The reason 
for this is that it was then considered necessary to add equal amounts 
of organic matter to all the cylinders under cultivation. This was 
accomplished by growing rye outside the cylinders. For further 
details the paper by ^Inthony and Clarke (5, p. 2S1) should be con- 
sulted. All trees were allowed to grow^ without the addition of any 
mineral fertilizer until the spring of 1925, at wiiich time differential 
treatment with different combinations of sodium nitrate, mono- 
calcium phosphate, and potassium sulphate was commenced. It is 
important to note that the conditions of this experiment preclude any 
erosion water and practically none by wind. 

The sodium nitrate was added according to the following schedule: 


Grams 

April 18, 1925.. ... 906 

May 3, 1926... ... 45 

June 7, 1926.. _. 453 

June 20, 1926...... ...... ... ....... 408 

May s, 1927..-. ......... .... . 337 

May 18, 1927.-.__... ... 338 

June 10, 1927..... ^.... 337 


Total.............. 2, 824 


This total of 2,824 g of sodium nitrate is equivalent to 465.5 grams 
of elemental nitrogen. 
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During tlie period from September 20 to 28, 1927, the trees were 
diip up and soil samples representative of the three horizons were 
taken, by the method of successive quartering, from each of the 
cylinders from which the trees had been removed. These samples 
■were dried at 75° C. and then sieved through a 1-millimeter sieve (.f) 
and stored in glass jars in the dark. Analyses of the trees have 

already been reported (14) • 

Total nitrogen was determined by the Kjeldahl-Gunning method 
to include the nitrogen of nitrates, a 15-g charge being used for 
the surface soil and 30-g for the subsurface and subsoil (4). 
Nitric nitrogen was determined by the Devarda allo}^ method, a 
200-g charge being used (1). The analytical data in the tables 
are the means of closely agreeing triplicate determinations. The 
quantities of ammonia nitrogen and nitrous nitrogen in all horizons 
were insignificant. All calculations are made on a moisture-free 
basis. 

EXPERIMENTAL DATA 

Table 1 gives the percentage and absolute amounts of total nitrogen 
in each of the three soil horizons; that is, the 0 to 7 inch, the 7 to 21 
inch, and the 21 to 53 inch. 


Table 1. — Percentages and absolute amounts of total nitrogen in the respective 
horizons before the trees were planted and at the end of the experiment 



Total nitrogen 

Absolute amount total nitrogen 

Treatment 

Surface 

(0-7 

inches) 

Subsur- 
face (7-21 
inches) 

Subsoil 

(21-53 

inches) 

Surface 

(0-7 

inches) 

Subsur- 
face (7-21 
inches) 

Subsoil 

(21-53 

inches) 

Total 

(0-53 

inches) 


Percent 

Percent 

Percent 

Grams 

Grams 

Grams 

Grams 

Soil before trees were planted 

0. 08650 

0.05003 

0.03523 

506.1 

589.7 

946. 8 

2, 042, 6 

Sod: 







Check 

. 08219 

.04600 

.03400 

477.9 

542. 5 

914. 5 

!, 934. 9 

PK..., - 

.08200 

.04700 

.03498 

479. 8 

554, 3 

941.4 

1, 975. 5 

NPK - 

.08200 

.05160 

.03900 

478.6 

613. 2 

1, 049. 0 

2, 140. 8 

NP - 

.08180 

. 05250 

.03900 

478. 6 

619. 1 

b 049. 0 

2, 146. 7 

NK 

.08200 

.05500 

.04040 

479.8 ; 

I 648.6 : 

1, 083. 0 

1 2,211.4 

2, 180. 7 

N - 

,08200 

.05200 

.04000 

479.8 

625.0 

1,075.9 

Cultivation: 








Cheek 

. 07110 

. 05100 

.03445 

415.9 i 

601.5 

926. 6 

' 1,944.0 

PK 

. 07485 

.05000 

.03571 

436.4 I 

590.4 1 

960. 5 

^ 1,987.3 

NPK... 

.07800 i 

. 05290 

.04310 

456.4 

620.8 

1, 146. 6 i 

2,223.'8 

NP...-,., 

.07900 1 

. 05230 

. 04250 

462.2 

614.4 

1, 142. 9 

2, 219. 5 

NK.. 

.07820 

.05500 ^ 

.04350 

457. 6 ’ 

648. 8 

1,170. 1 

2, 276. 5 

N. 

. 07890 i 

.05200 ! 

.04200 

461.6 i 

620.2 

1, 131, 9 i 

2,213.7 


Table 2 gives the percentage and absolute amounts of nitric 
nitrogen and of nonnitric nitrogen. The latter values were obtained 
by difference between the total nitrogen and the nitric nitrogen. 
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Table 2 -—Percentage and absolute amounts of nitric and nonnitrlc nitrogen in 
the respeciwe horizons before trees 'were planted and at the end of the experiment 



Nitric nitrogen 

Absolute amount nitric nitrogen 

Treatment 

Surface 

(0-r 

inches) 

Subsur- 
face (7-21 
inches) 

Subsoil 

(21-53 

inches) 

Surface 

(0-7 

inches) 

Subsur- 
face (7-21 
inches) 

Subsoil 

(21-53 

inches) 

Total 

(0-53 

inches) 


Percent 

Percent 

Percent 

Grams 

Grams 

Grams 

Grams 

Soil before trees were planted.-- 

0. 00170 

0.00053 

0.00023 

9.9 

6. 3 

6.2 

22.4 

Sod: 








Cheek 

.00069 

.00080 

.00060 

4,0 

9.4 

16.1 

29.5 

PK 

.00070 

,00100 

. 00066 

4.1 

11.8 

17.7 

33.6 

NPK 

.00220 

.00760 

.00450 

12.9 

89.6 

121. 0 

223.5 

NP 

.00200 

. 00720 

.00500 

11.7 

84.9 

133. 5 

230.1 

NX 

.00290 

.00900 

.00560 

16.9 

106. 1 

147.0 

270.0 

N 

.00240 

.00820 

.00550 

14.0 

96.7 

147.9 

268.6 

CultiAation; 







Check 

.00110 

.00100 

.00065 

6.4 

11. 8 

17.5 

35.7 

PK 

.OOOS5 

.00120 

.00071 

3.5 

14. 1 

19.1 

36.7 

NPK 

.00210 

.00640 

. 00410 

12.3 

72.4 

111.0 

195.7 

NP 

.00200 

.00610 

. 00460 

11.7 

69.6 

123.5 

204.8 

256 0 

NK 

.00270 

. 00690 

. 00590 

15.8 

81. 5 

158.7 

136. 7 

N 

.00290 

. 00760 

.00500 

16.9 

89.5 

243! 1 

1 

j 

Nonnitrie nitrogen 

Absolute amount nonnitrie nitrogen 

Treatment 1 

Surface 

Subsur- 

Subsoil 

Surface 

Subsur- 

Subsoil 

Total 


(0-7 

face (7-21 

(21-53 

(0-7 

face (7-21 

(21-53 

(0-53 


inches) 

inches) 

inches) 

inches) 

inches) 

inches) 

inches) 

Soil before trees were planted . . J 
Sod: 

Percent 

Percent 

Percent 

Grams 

Grams 

Grams 

Grams 

0. 0848 

0. 0495 

0. 0350 

496.2 

583. 4 

940. 6 

2, 020. 2 

Check,., 

. 0815 

. 0452 

.0334 

473. 9 

533.1 

898.4 

1, 905. 4 

PK.. 

.0813 

.0460 

.0343 

475.7 

542. 5 

923. 7 

1, 941. 9 

NPK - _ 

.0798 

.0444 

. 0345 

468.9 

523.6 

928.0 

t918.5 

NP 1 

.0798 

.0453 

.0340 

466.9 

634.2 

915.5 

1^ 916. 6 

NK --.i 

.0791 

.0460 

.0348 

462.9 

542.5 

936.0 

1, 941. 4 

N, , ,j 

Cultivation: i 

.0796 

.0448 

.0345 

465.8 

528.3 

928.0 

1; 922.1 

Cheek, .j 

. 0700 

.0500 

. 0338 

409.5 

589. 7 

909.1 

1, 908. 3 

,PK 1 

.0740 

.0488 

.0350 

432. 9 

576.2 

941,4 

L 950. 5 

NP,K 

.0759 

.0465 

.0390 

444. 1 

548.4 

1,035.6 

2, 028. 1 

NP.... J 

.0770 

.0462 

. 0379 

450. 5 

544.8 

1,019.4 

2; 014. 7 

NK 

. 0755 

. 0481 

.0376 

441.8 

567. 3 

1, OIL 4 

2, 020. 5 

N J 

' ■ i 

. 0760 

,0450 

.0370 

444.7 

530.7 

995. 2 

1, 970. 6 


DISCUSSION OF DATA 


TOTAL NITROGEN 

The data in tabi© 1 indicat© that at th© end of the experiment the 
total nitrogen content of the surface soil in all cylinders under sod 
was slightlY greater than that in cylinders under cultivation, although, 
as has airendy been pointed out, the cylinders under cultivation had 
received 1 0.9 grains more nitrogen than the corresponding cylinders 
under sod. The differences between the total nitrogen content of 
prrespondmg^ cyhnders under the two systems in the respective 
horizons are shown in table 3. 

1 data in table 3 do not take into account the nitrogen removed 
by the trees and, in sod, by the grass also. The disappearance of 
nitrogen (as total nitrogen) w^hen the amounts removed by the trees 
aie taken into account is showTi in table 4. This disappearance is 
caiied by some mvestigators ''the apparent loss of nitrogen.' ■ 
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Table 3. — Diffei'ence “ {in grams) between the amounts of total nitrogen present in 
the 3 horizons of the 2 systems 


1 

Horizon | 

^ Check 1 

PK 

1 NPK 

NP ! 

NK I 

N 

Surface (0-7 inches) 

+62. 0 i 
-59. 0 
- 12. 1 i 

+43.4 
-36.1 i 
-19.1 : 

+23.4 

-7.6 

1 -97 . 6 

+16. 4 ’ 
+4.7 
-93.9 

+ 22.2 
■ ' o" : 

-87.1 : 

+18.2 

+4.8 

-56.0 

Subsurface (7-21 inches) 

Subsoil (21-53 inches) 

Total (0-53 inches) 

-9.1 ! 

- 11.8 i 

1 -81.8 

-72.8 

-64.9 

-33.0 



“ The sign indicates the amount in grams by which the total nitrogen under sod is greater than ( 4 -) or 
less than (— ) under cultivation. 


Table 4. — Nitrogen disappearance {grams) calculated on the total nitrogen of the 
soil in the whole layer (0 to 53 inches) at the end of the experiment 


Item 

I 

Sod 

! 

Check 

PK 

NPK ! 

j 

i 

NP i 

NK 

N 

(1) Amount N present in soil before experi- 

ment 

( 2 ) Amount N added in NaNOs (=465.0 

g)+seeds (=2.5g) 

(3) Amount N from (i)+(2) 

2, 042. 6 

2.0 

2, 045. 1 

2, 042. 6 

2.5 
2, 045. 1 

1 

2, 042. 6 1 

467. 5 1 
2, 510. 1 i 
2,142.0 1 

2,042.6 1 

467.5 ^ 
2, 510. 1 

2,042.6 

467.5 

2, 510. 1 
2,211.4 

2.042.6 

467. 5 
2,510.1 

2. 180. 7 
-329.4 

(4) Amount N found 

i;934.9 

- 110,2 

i, 975. 5 
-69.6 

2, 146. 7 
-363. 4 

(5) Loss of N from soil 

-368. 1 i 

—298. 7 

( 6 ) Total amount N absorbed by trees dur- 
ing growth (tops and roots) 

36.5 

56.8 

201.4 i 

190.4 

133. 4 

124.3 

(7) Disappearance of N by leaching and 
possibly as gaseous N during the 6*4 
years of the experiment 

-73.7 

- 12.8 

i 

-166.7 

-173.0 

-165.3 

-205. 1 



Item 

Cultivation 

Check 

PK 

NPK 

NP 

NK 

N 

(1) Amount N present in soil before experi- 
ment ' - - 

2, 042.6 

2,042,6 

19.4 

2,042.6 

483. 4 

2, 042.6 

483.4 

2,042.6 

483.4 

2,042.6 

483.4 

(2) Amount N added in NaNOs (=465.0 
g)+seeds (=2.5 g) 

19.4 

(3) Amount N from (l)+( 2 ) 

2,062.0 

1,944.0 

-118.0 

2, 062. 0 
1, 987. 3 

2, 526. 0 
2, 223.8 
-302. 2 

2, 526. 0 
2, 219. 5 
—306. 5 

2,526.0 

2,276-5 

2, 526. 0 

(4) Amount N found 

2 ; 213. 7 
-312. 3 

(5) Loss of N from soil 

-74. 7 

-249.5 

( 6 ) Total amount N absorbed by trees dur- 
ing growth (tops and roots) 

53.5 

63.4 

180. 9 

170.3 

131.8 

121.3 

(7) Disappearance of N by leaching and 
possibly as gaseous N during the 6)2 
years of the e.xperiment_ 

-64.5 

-11.3 

-121.3 

-136.2 

-117.7 

-191. 0. 



Considering the whole depth 0 to 53 inches, the losses from the 
nitrogen-treated cylinders are greater under sod than under cultiva- 
tion. The amounts by wliich the losses (in grams) under the former 
system exceed those under the latter are: NPK, 45.4; NP, 36.8; 
NK, 47.6; and N, 14.1 These differences appear to be related to the 
accretion of nonni trie nitrogen in the subsoil of the cylinders under 
cultivation. The net result is a gain in nonnitric nitrogen when eal- 
culated on the whole depth (0 to 53 inches) in the treated cyliiiders 
. under cultivation as compared with those under sod. This point is 
discussed later. 

Line 7 of table 4 gives the losses by leaching and possibly as gaseous 
nitrogen (i.e., the so-called ''nitrogen balance”) for the whole soil 
layer (0 to 53 inches). The same data calculated for the surface 0 to 
7 inches and subsurface 0 to 21 inches only are shown in table 5. 
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Table h.—Nitroge-n balance (m grams) calculated to less than full depth 


Horizon 

Cheek 

PK 

NPK 

NP 

NK 

N 

0 to 7 inches: 

Tmder sod - 

+5.8 

+34.0 

-292.4 

-304. 6 

-360.4 

-369. 5 

Under cultivation 

0 to 21 inches: 

-56.1 

-25.7 

-352. 2 

-357. 0 

-400. 1 

-406. 6 

Under sod 

-41.4 

-7.4 

! -268.0 

-275. 2 

-301. 5 

-334. 2 

Under cutlivation 

-44.3 

-25.0 

1 -321.1 

1 

-332. 3 

-341.0 

-376. 1 


Tlie nitrogen balance is seen to vary with the depth of soil upon 
which the calculations are based. In the 0- to 7-inch layer, a nitrogen 
gain is indicated in the cylinders under sod to which no mineral ni- 
trogen was added. But if the calculations are based on the 0- to 21-inch 
layer or on the whole depth, 0- to 53-inch layer, losses of nitrogen are 
definitely established. The larger losses shown in the nitrated cylinders 
in the 0- to 7-inch and 0- to 21-inch layers as compared with the 0- to 
53-inch layer appear to be only an expression of the fact that the 
quantity of nitrates (nitric nitrogen) becomes greater with depth. 

More information with respect to the status of the nitrogen is 
obtained by considering the nitric and nonnitric fractions of the total 
nitrogen separately. These are shown in table 2. 

NITRIC NITROGEN (NITRATES) 

Mobility of Added Nitric Nitrogen 

Table 2 shows that the nitric mtrogen calculated on a percentage 
basis, i.e.j the concentration of nitrates, is greater in the subsurface 
than in either of the other horizons. The absolute amount of nitric 
nitrogen, however, is greater in the subsoil in all cases. The last 
application of NaNOs (167 grams nitrogen) was made in the spring of 
1927, 4)2 months before the trees were removed. Presumably, there- 
fore, tiiis increased concentration of nitric nitrogen in the subsurface 
is merely an expression of the movement of nitrogen as nitric nitrogen 
from this last application, and when taken in conjunction with the 
data for the nitric nitrogen in the check and PK cylinders, suggests 
that the greater part of the last application was still in the 7- to 21 -inch 
layer at the conclusion of the experiment. 

Nitric Nitrogen Under Sod and Cultivation 

It wiU be recalled that each of the cylinders under cultivation re- 
ceived 15.9 grams more nitrogen in the form of rye cover crop than the 
cylinders under sod. Now the concentration of nitric nitrogen in the 
whole depth (0 to 53 inches) of the check cylinder under cultivation is 
35.7 grams and that of the cylinder under sod is 29.5 grams as com- 
pared wfith 22.4 grams in the original soil. However, in the cylmders 
which received mineral nitrogen in addition to that introduced by the 
green manures ^ (the NPK, NP, NK, and N cylinders) the concentra- 
tion of nitric nitrogen in the whole depth is much greater in all cases 
in the cylmders under sod. This may be only another expression of 
the difference in the status of the soil nitrogen in the three horizons 
under sod and cultivation previously referred to in the discussion of 
the disappearance of nitmgen (as total N) by leaching and possibly 
as gaseous nitrogen. This will be brought out more clearly in the dis- 
cussion of the nonnitric nitrogen fraction. 
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An Inventory of Nitric Nitrogen 

A more complete picture of the status of the nitrates may be obtained 
f rom the inyentory of nitric nitrogen shown in table 6, in which account 
has been taken of the nitric nitrogen equivalent to that absorbed by 
the trees under the different treatments from the added NaNOs. 


Table 6 . — Inventory of nitric nitrogen {in grains) at end of experiment (0 to S3 

itiches) 


Item 

Sod 

Check 

PK 

1 

NPK 

NP 

NK 

N 

( 1 ) N added to each cylinder in the form of 

NaNOs - - 

( 2 ) N absorbed by each tree during growth 

and also (in sod) by the grass . 

(3) N absorbed by each tree from added 

NaNOs- - 

(4) Theoretical amount of N expected in 

0 

36.5 

0 

0 

56. 8 

0 

465. 5 

201.4 

132.7 

332. 8 

223. 5 

109.3 

465. 5 

190. 4 

132.4 

333. 1 

230.1 

103.0 

465. 5 

133. 4 

91.9 

373. 6 
270.0 

103. 6 

i 

465.5 

124. 3' 

83.6 

381. 9 

258.6 

123. 3 

(5) N found 

( 6 ) Disappearance of nitric N during the 

63/2 years of the experiment 

29.5 

33.6 

Item 

Cultivation 

Check 

PK 

NPK 

i 

NP 

NK 

N 

(1) N added to each cylinder in the form of 

NaNOs 

( 2 ) N absorbed by each tree during growth 

and also (in sod) by the grass 

(3) N absorbed by each tree from added 

NaNOs - 

(4) Theoretical amount of N expected in 

soil 

0 

53. 5 

0 

0 

63.4 

0 

465. 5 

180.9 

117.5 

348.0 

195.7 

152. 3 

465. 5 

170.3 

93. 2 

372. 3 
204. 8 

167. 5 

465.5 

131.8 

78.3 

387.2 

256.0 

. 131.2 

465.5 

121. 3 

67. 8 

397. 7 
243.1 

154.6 

(5) N found 

( 6 ) Disappearance of nitric N during the 

years of the experiment 

35.7 

37.0 


The nitric nitrogen absorbed by the trees (table 6, line 3) was 
obtained in a manner similar to that described in an earlier paper 
(ISj pp. 570-573). The values in line 3 represent the difference be- 
tween the amount of nitrogen absorbed by a tree which received 
additions of another element (or other elements) than nitrogen and a 
tree from which nitrogen was omitted. The values so obtained may 
not be mathematically exact, inasmuch as the Wirkungswert (effect 
factor) of an element may not be the same in the presence of another 
factor or factors as when that factor operates alone. Nevertheless, 
there are numerous experiments that lend support to Mitscherlich's 
contention (7) that the Wirkungswert of an element may be fairly 
constant, especially under the controlled conditions of such an experi- 
ment as the present one. The method is believed to be sufficiently 
accurate to bring out more clearly any characteristic differences in 
the status of the nitric nitrogen of the respective treatments and 
especially with respect to differences between the two cultural sys- 
tems, The procedure adopted may be more readily understood from 
the following algebraical analysis: 

Let a — amount of nitrogen present in the soil of each cylinder before the 
trees were planted. 
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Let a: —amount of nitrogen added to each c\diiider in rain and snowfall. 

Let I/ — aiiiount of nitrogen added to each cylinder under cultivation in the 
form of organic matter (buckwheat and rye). 

Let 2= the total amount of sodium nitrate added to each of the ^ initiated’* 
cylinders. 

Now tlie nitrogen- treated trees have obtained the nitrogen absorbed 

them froiii all of the foregoing sources, and the trees which did not 
receive iiiiiieral nitrogen (NaNOs) additions absorbed nitrogen from 
all of these sources except a:. 

For greater simplicity and clarity, let us first of all consider the 
absorption of nitrogen from only two of the trees on which chemical 
analyses were made; namely, the NPK and the PK trees, both under 
the tillage system. 

The amount of nitrogen absorbed by the NPK tree during the 
vhole period of its growth will be some fraction of a + + s. Let 
this fraction be designated k {a-r x + y-\- z). Similarly, the amount 
of nitrogen absorbed by the PK tree during the whole period of its 
growth will be some fraction of (a-hr + y), which will be designated 
k'(a-rx-Ty), 

Let ^^kia+x-i-yi'z) (1) 

Let + ( 2 ) 

Then, by subtraction 

+ + ( 3 ) 

Now, if k(a'rxi-y) is equal to or very nearly equal to ¥{a-\~x + y), 

then, from (3), j^jc=kz (4)' 

or, expressed in words, the fraction of the nitrogen added to the NPK 
tree in the form of sodium nitrate is obtained by difference between 
the total amount of nitrogen absorbed by that tree and that absorbed 
by the PK tree. 

In the present experiment the trees were grown without mineral 
salt additions for the first 4 years. The factor z then of ec|uatioii (1) 
does not enter into the picture during this period. 

For the purpose of the present analysis the difference between the 
quantities k{a-i-x-\-y) must be very small as compared with the 
quantity kz. In further support of this contention may be cited the 
matliematical analysis given by the writer in an earlier paper (13). 

The amounts of nitrogen applied as sodium nitrate were 149 g 
m 1925, 149 gin 1926, and 167 g in 1927, a total of 465 g. A 
comparison of these quantities of added nitrogen with the quantities 
actiialty present (table 6, line 5) shows that all of the nitrated ’! 
cyhnders contained at the end of the experiment more than 
enough nitrates to account for the amount (167 g) added the last 
year of The experiment, 4 K months before the samples were taken 
m the iail of 1927, and in addition a considerable portion of the 
nitrogen added in the second application in the spring of 1926. The 
total precipitation during the period between one application and the 
next was: May 18, 1925, to May 2, 1926, 31.8 inches* May 3, 1926, 
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to May 4, 1927, M inches; May 5, 1927, to September 20, 1927, 18.6 
inches. In addition, 2 inches of artificial watering was applied in 
May 1926 and 1 inch in August 1927. 

The Rothamsted experiments {9) on the losses of nitrogen in the 
drainage waters from a plot of arable land kept free of vegetation 
since 1870, which received no artificial additions of nitrogen, are 
frequently cited in support of the view that nitrates are readily 
leached from soils. At the end of 47 years the amounts of nitric 
nitrogen found in the drainage waters were equal to the total losses 
of nitrogen from the soil. The rate of loss was equal to 40 pounds 
per annum per acre in the earlier years and below 25 pounds per 
annum per acre in the later years. 

In some soil types in Tennessee (S), however, when nitrogen was 
applied as sodium nitrate to lysimeters kept bare of vegetation, the 
leaching (outgo) of nitrogen in 2}^ years was as low as 34 percent. 
Mooers and Macintire attribute this relatively small loss to the 
influence of the heavy clay subsoil into which the nitrate ion passes 
as magnesium and calcium nitrates through base exchange.'^ 

The investigations of De Sornay {10) also indicate that nitrates 
may remain in the soil available to plants for long periods, moving 
upward or downward according to moisture conditions. The upward 
capillary attraction was found to be much more rapid than the down- 
ward displacement by rain. De Sornay reports that Demolon and 
Brouet at Aisne found, in an imcropped, light, sandy garden soil, 
that after a rainfall of 9.8 inches during a period of 2 months more 
than one half of the added sodium nitrate remained in the first 8 
inches. 

More recently Ames {2) has reported that during the period 1928>-30 
the nitric nitrogen content of the soil under corn or soybeans never 
exceeded 50 pounds per acre in the surface %% inches, but in 1931, 
after a year of drought, the nitric nitrogen content reached 300 
pounds per acre. 

The problem is summed up by Macintire ^ as follows: 

It is exceedingly difficult to make an unqualified statement as to the fate of 
added nitrogen. This will vary with the soil, alkalinity or acidity, climatic 
conditions, the amount of added nitrogen, absence or presence of growing plants 
and the type of these, and periodicity of rainfall, together with the very important 
fact of depth and type of subsoil. 

In the present experiment the significant fact is that the disappear- 
ance of nitric nitrogen is greater in all the cylinders under cultivation 
to which mineral nitrogen was added than under the corresponding 
cylinders under sod. 

NONNITRIC NITROGEN 

The nonnitric nitrogen consists of (1) nitrogenous organic material 
potentially '^available'' but not yet decomposed; (2) the humus 
nitrogen characterized by marked stability; (3) the nitrogen symthe- 
sized by the micro-organisms; (4) ammonia nitrogen absorbed by the 
colloidal soil complex. 

The apparent gain or loss in integral numbers with respect to the 
nonnitric nitrogen is given in table 7. The quantities of nitrogen 
shownjn line 4, that is, the amount of nitrogen absorbed by the trees 
from sources other than the nitrogen added as NaNOs, were obtained 

s Macintire, W. H. Private communication, 

4 MacInttre, W. II. See footnote 3. 
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by using tlie qiumtities of nitrogen absorbed by corresponding treat- 
ments to wliicli no nitrogen was added. For example^ the amount of 
nitrogen absorbed by the NPK tree in sod from sources other than 
that equivalent to the added NaNOa was obtained by difference 
between this quantity and that absorbed by the PK tree also growing 
in sod. For reasons' already given these values have no pretention 
to mathematical exactness. ■ But in the present analysis they serve 
for all practical purposes to furnish a picture of the changes in non- 
nitric nitrogen of the original soil as a result of the various treatments 
under the two culture systems. 


Table 7 . — Gain or loss (grams) of nonnitric nitrogen from irhole depth of soil 
iO to 53 inches) hy the end of the experiment 


Item 

Sod 

Check 

PK 

NPK 

NP 

NK 

N 

(1) Nonnitric N before experiment 

2,020.2 

2,020.2 

2, 020. 2 

2,020.2 

2, 020. 2 

2, 020. 2 

(2) Noimitric N at end of experiment 

1, 905. 4 

1,941.9 

1, 918. 5 

1, 916. 6 

1, 941. 4 

1, 922. 1 

(3j Actual loss or gain by so'il 

-114.8 

-78.3 

-101. 7 

-103. 6 

-78.8 

-98. 1 

(4) N absorbed per tree from sources other 







than the added NaNOs 

36.5 

57.0 

57.0 

49.9 

37.4 

37.4 

(5) Apparent total loss or gain during the 







years of the experiment 

-78.3 

-21.3 

-44. 7 

-53.7 

-41. 4 

-60.7 




Cultivation 



Item 1 







Cheek 

PK i 

NPK 

NP 

NK 

N 

(1) Nonnitric N before esp^eriment 1 

2, 020. 2 

2,020.2 

2, 020. 2 

2, 020. 2 

2,020.2 

2, 020. 2 

(2) Nonnitric N at end of experiment i 

1 1.908.3 

1,950.5 

2, 028. 1 

2, 014. 7 

^020.5 

1, 970. 6 

(3) Actual loss or gain by soil 

‘ -111.9 

-69.7 

+7.9 

-5.5 

+.3 

—49. 6 

(4) N absorbed i>ef tree from sources other 







than the added NaNOs.. 

53.5 

63.4 

63.4 

77. 1 

53. 5 

53. 5 

(5) Apparent total loss or gain during the 







61.^2 years of the experi.ment. 

-58.4 

-6.3 

+71.3 

+71. 6 

+53. 8 

+3.9 


In both culture systems there is a disappearance of nonnitric nitro- 
gen in the cylinders which received no mineral nitrogen additions 
(check and rK cylinders), the loss being greater imder sod. But, 
whereas relatively large accretions of nonnitric nitrogen have occurred 
in the NPK, Nr, NK, and N cylinders under cultivation, losses of 
nonnitric nitrogen have occurred from the corresponding cylinders 
under sod. These differences are much greater than can be accounted 
for by sampling or analytical errors. Although uniformity with re- 
spect to content of nitrogen, phosphorus, and potassium was estab- 
iished in the cylinders before the experiment began, there may have 
existed differences in respect to the physical condition that would 
preclude a definite and unqualified interpretation of the differences 
existing with respect to the condition of the nitrogen under sod and 
cultivation. Three explanations may be advanced : 

(l) yssimilation of nitrogen adde<5 as NaNOs by micro-organisms. 
But the dimculty lies in explaining why assimilation should have oc- 
curred in the cylinders under cultivation and not in those under sod 
Carbon dioxide accumulation under grass (f^) may be the differential 
lactor. borne nitrogen would appear to have been brought up and 
immobilized in the surface soff by the grass roots in the sod system, 
masimico. as the quantity of nitrogen (as total and nonnitriG nitrogen) 
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of the surface soil is higher in all cases under grass than imder cultiTa- 
tion. But the results for the whole depth (0 to 53 inches) show 
that this explanation is insufficient to account for the entire differ- 
ence in the amount of nitrogen in corresponding cylinders in the two 
systems. 

(2) The peptization of nitrogenous organic material by NaNOg in 
the first horizon and subsequent leaching. Hardpan formation was 
particulaiiy noticeable in the nitrogen- treated cylinders under culti- 
vation. Cracks and fissures, therefore, may have assisted the down- 
ward movement. 

(3) The^ greater root system under cultivation. Except in one 
tree (NPK) the root systems were larger in the trees grown under 
cultivation. The w^eights of the root systems are given in table 8. 

Table 8. — Weights in grams of the respective root systems in soils in sod and under 

cultivation 


Condition 

1 

Check 

PK 

NPK 

NP 

i ■ 

! 

1 X 

! 

Sod - 

Cultivation - 

9,950 

10,870 

8, 325 
10,695 

13,040 

12,395 

i 

12, 730 
13,075 

' 11,090 I 

11,700: 

10, 366 
12, 275 

i 


The higher nitrogen content of the soil under cultivation may have 
arisen from sloughed-off portions of fibrous roots that might have been 
incorporated in the soil in the process of preparation for analysis. 

^ The extensive literature of the problem of the mineralization of 
nitrogen in the soil has been reviewed by Lemoigne (5), Lyon (6), and 
Waksman {17). The results presented in this paper suggest the desir- 
ability of further investigation of the problem. 

SUMMARY 

The distribution of total nitrogen and also of the nitric and nonnitric 
fractions in three horizons, viz, 0 to 7 inches, 7 to 21 inches, and 21 to 
53 inches, of a Hagerstown clay loam soil contained in cylinders 
planted to apple trees and treated with different combinations of 
sodium nitrate, monocalciuni phosphate, and potassium sulphate are 
given in percentage and in absolute amounts. 

In all treatments the total nitrogen of the surface soil under sod was 
somewhat greater than under cultivation. In the subsurface the 
differences in total nitrogen were small except in the check cylinders 
under sod, in which it was less than under tillage. In all treatments 
the total nitrogen of the subsoil was greater in the cylinders under 
cultivation than in the corresponding cylinders under sod. For the 
whole depth (0 to 53 inches), the total nitrogen at the end of the 
experiment was greater in alL cylinder under cultivation than in 
those under sod. 

The disappearance of nitrogen (as total nitrogen) by leaching, and 
possibly as gaseous nitrogen, w^as greater under sod than under culti- 
vation in all cases. 

The movement of nitric nitrogen is discussed. It is concluded that 
leaching of nitrates from this heavy soil was not very rapid. 

The disappearance of nitric nitrogen, wffien account has been taken 
of the nitric nitrogen absorbed by the trees equivalent to that added 
as NaNOs, was greater in all nitrated cylinders under cultivation than 
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in correspoiiding cylinders under sod. This difference is accounted 
for by ail accretion of nitrogen as nonnitric nitrogen in the subsoil 
under ciiltiyation but not in that under sod. 

Results with respect to nitrogen gains or losses based on the soil, to 
a depth of 53 inches are yeiy different from those based on the 0- to 
74iich or 0- to 21 -inch depths. 
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LIFE HISTORY OP THE HAIRY-ROOT ORGANISM IN 
RELATION TO ITS PATHOGENESIS ON NURSERY APPLE 
TREES' 


By E. M. Hildebrand 2 

Formerly age'^, Division of Fruit and Vegetable Crops arid Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 


INTRODUCTION 


In studies of infectious hairy root carried on during the last 4 years, 
special consideration has been given to the life history of the causal 
organism in relation to its pathogenesis on nursery^ apple trees. This 
disease has been so prevalent on grafted apple trees in the nursery 
that it has become of considerable economic importance. The causal 
organism, Phytomonas rhisogenes Riker et ah, has recently been 
differentiated by Riker and his associates as a new species 

distinct from that causing crown gall, P. twnejaciens (Smith and 
Town.) Bergey et ah Previously it had been considered an apple 
strain of the crown-gall organism by Smith et ah (5^) and more 
completely developed as such by Siegler $4). 

The name ‘Tiairy root” appears to have been first introduced into 
literature by Stewart, Rolfs, and Hall {S7). Following the earlier 
work of Hedgcock {11) on the identity of tlxe complex of malforma- 
tions occurring on apple, a number of well-known papers appeared. 
Recently a number of diseases have been separated from this complex 
on the basis of cause, viz, (1) infectious hairy root, (2) crown gall, 
(3) wound overgrowth, and (4) nonparasitic hairy root. Of these, 
infectious hairy root is now perhaps the most important from the 
economic standpoint. 

The host range of the hairy-root organism is little understood. Up 
to the^ present time the writer has found it reported under natural 
conditions only on apple. However, cross-inoculation studies by 
various workers, including Smith et ah {36)^ Riker et al. {25)^ Brown 
{6), Banfield {&), and Riker et ah (M), have demonstrated the patho- 
genicity of these bacteria on such plants as sugar beet {Beta vulgaris 
L.) quince {Cydonia oblonga Mill.), rose {Rosa setigera Michx.), 
honeysuckle {Lonicera morrowi Gray), Paris daisy {Chrysanthemum 
Jrutescens h.), hodssm {^ haUamina L.), bryophyllum {Bryo- 

phyllum pinnatuTYi Kurz), red raspberry {Rubus idaeus L.), bean 
(Phaseolus mdgaris L.), and sedum (Scdum spectabile Bor.). 

Hairy root appears to be widely distributed. Hedgcock {11), who 
reported crown gall from all the States of the United States except 

* Received for publication Oct. 26, 1933; issued July 1934. These studies were conducted in cooperation 
with the Wisconsin Agricultural Experiment Station. 

2 The writer wishes to express his indebtedness to Dr. A. J. Riker, of the University of Wisconsin, for 
advice and criticism during these studiiKi, and to Eugene H. Herriing, of the Department of Plant Pa- 
thology of the U ni versity of Wisconsin, for assistance in making the photographs. The laboratory work done 
in eastern Kansas was made possible through the courtesy of Dr. S. L. Doubt, Department of Botany, 
Washburn College. 

3 Reference is made by number (italic) to Literature Cited, p, 883. 
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Nevada, sta-ted that forms of the disease Imown as hairy root 
have been foiiiid as widely disseminated as crown gall on apple trees 
ill nurseries and orchards in the United StatesN He also reported 
forms of liaii\y root from German}^, Netherlands, France, Canada, and 
New Zealand. Doidge (8) recorded the presence of the disease in 
Soiith Africa, and Noble Us) in Australia. The disease seems widely 
dissemiiiated, but the difficulties of diagnosis raise a question as to 
the accuracy of some of the reports. 

The economic importance of infectious hairy root, although con- 
siderable, is hard to estimate since no information is available as to 
how iiiiich of the loss due to malformations may be attributed to this 
disease. Studies in which the wniter has participated for more thp 
4 .years, in nurseries from Wisconsin to Oldahoma, reveal that while 
other difficulties in this complex have been largely eliminated hairy 
root still remains a factor of considerable importance in certain places. 

Control measures at the present time are only partially satisfactory. 
Von Sclirenk and Hedgcock (89) laid the foimda,tion for the most 
siiccessful of later attempts to control the various malformations at 
the unions of piece-root grafts when they noted that these enlarge- 
ments usually appeared at the graft union, that using root and scion 
pieces of nearly the same diameter reduced overgrowths, and that 
wrapping the unions with certain materials such as cloth and rubber 
considerably increased the percentage of smooth trees over those 
wrapped with other materials. Since the publication of their report 
many control measures have been suggested by different workers, as, 
for example, Melhus and Maney (15), Wormald and Grubb (4-1), 
Biker and Keitt (30), Waite and Siegler Melhus, Miincie, and 
Fisk (16), and Maney and Pickett (14). Additional studies by Biker 
and his associates (21, 24, 27, 31) have repeatedly demonstrated the 
value of nurseryman’s tape, a special kind of adhesive plaster. Since 
the discovery that this tape prevents a large percentage of union mal- 
formations without producing any ill effects, it has come into common 
use. Among the nurserymen there is a feeling that the saving in 
liandiing the grafts bound with this wrapper more than pays for its 
extra cost. In addition, there is a considerable increase in the number 
of clean trees. The use of nurseryman’s tape has eliniinated on an 
average more than half of the various outgrowtlis at the union. Those 
that reniain are mostly hairy root. 

The persistence of malformations, chiefly of the hairy-root type, 
caused by Phytomonas rhiiogenes, appeared to warrant a study of the 
life history of the causal organism in relation to pathogenesis." It was 
hoped that such a study would not only increase the available infor- 
mation on the fundamental activity of this organism but would also 
define critical points at winch the application of control measures 
' might he niore effective. 

IDENTITY OF HAIRY HOOT 

siudying the pathogenic life history of infectious hairy root 
n sceiued desirable to make a reexamination of tlm identity of liairy 
rocU as t‘aiitrasted with crown gall, wound overgrowth, and other 
mallonnations occurring on the underground parts of nursery apple 

trees. 

The isolation of the hairy-root organism was attempted from a 
variety of malformations on Wealthy apple trees collected at random 
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at digging time from tlie experimental plots at Madison^ Wis., and 
Topeka^ Kans. It was found from the outward appearance and 
interior striictiire that these overgrowths could be roughly classified 
into three groups: (1) Convoluted, with roots, characterized by a 
hard vascular interior and a soft exterior la3^er of variable thickness 
that turned browm rapidly -when exposed to the ,air; (2) convoluted, 
without roots, identical with the foregoing except for the absence of 
roots; and (3) undulated, without roots and, unlike the other enlarge- 
inents, chiefly made up of whitish Taseular cortex. The enlargements 
differed considerably in appearance and in the number of emerging 
roots, making them difficult to classify. Nevertheless it seemed 
important to attempt isolations from such specimens. 

The method' of isolation was as follows: From a specimen of each 
type of overgrowth several cubes of overgroW' tli tissue, approximately 
3 mm on a side, -were removed from the soft tissue, if present, under 
aseptic conditions and dropped into three Petri dishes each containing 
1 cc of sterile distilled wmter. A sterilized scalpel w^as used to macerate 
the tissue in the wmter. After an interval of about 10 minutes dilu- 
tions w^ere made from each plate to three successive Petri dishes. 
PateFs (19) bile agar wms then added. The poured plates w^ere incu- 
bated at 28° C. and examined after 1 week. The identity of the bac- 
teria that appeared wms determined after inoculations on sedum and 
apple and after cultural examination, as suggested by A. J. Kiker, 
on sodium selenite agar. A summary of these studies is given in table 1, 
shownng that a majority of the convoluted enlargenients wnth roots 
were infectious hairy root and that a considerable part of the con- 
voluted enlargements without roots were also hair\" root. The 
undulated enlargements did not yield the infectious agent and in all 
probability they were nonparasitic overgrowths. Since the experiment 
described below showed the isolation technic to be reasonably accurate, 
it appears that man}" of the specimens contained tissue not primarily 
stimulated hj the hairy-root bacteria. Perhaps the reaction induced 
by the hairy-root tissue may have stimulated nonparasitic grow^th in 
some cases. These results appear to be in conformity with those of 
Riker et al. {£6). 


Table 1 . — Summary of imlaiion trinU from different kinds of enlargements 


1 

■ 1 

Surface ’dianicter of enlargement" l 

Isolation 

trials 

E.nlargements yielding— 

Phytomoms 

rhizogaies 

Nonpat ho- 
geni-c 
bacteria 

, No „ 
bacteria 

Convoluted, with roots..-,, — / 

Convoluted, without roots 

U ndulated , , without roots _ , _ — ' _ . ■ 

Number 

114 

13 

25 

Percent 

m \ 

39 i 

. ■ 0 

Percent. 

24" 

',54', 

■ .'32 

Percent 

'16 

' 7 

, ,. m 


riiarafterizarion of these enlargements is given in the te.v£. 


Tile haiiy-root organism was reisolated from hairy-root enlargements 
induced on imrseiy apple trees by inoculating the stems below groimd . 
These induced enlargements, ranging in age from 0 to 24"^weeks, 
covered the complete range of symptoms. The same isolation technic 
was employed as in previous experiments. The results are summarized 
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in table 2. All stages of the disease yielded the causal orgamsm. Ou^. 
of 129 trials, the hairy-root organisni was recovered in 87 percent, 
indicating that the causal organism is ^iisually associated with the 
symptoms of the disease. Nonpathogenic bacteria were recovered in 
13 percent of the trials. None, of the enlargements 'was found to be 
free from bacteria. 


Table 2 . — Sunimanj of reisolation trials from infectious hairy^root efilargenients 
of different ageSj induced hy inoculations on nursery apple trees 


Year 

Period 

following 

inocula- 

tions 

Isolation 

trials 

Enlargements yielding— 

, Fhijtomonas 

1 rhizogenes 

I 

Nonpatho- 

genic 

bacteria 

192^: 

a refcs 

0-4 

5-8 

! 9-12 

{ 0-4 

5-8 
9-12 
13-16 
17-20 
21-24 

Number 

27 : 
20 

8 

18 

14 

10 

14 

12 

6 

Percent 

93 

60 

50 

100 

80 

100 

100 

100 

100 

Percent 

40 

50 

0 

20 
- 0 
0 
0 
0 

1930., - 

Total.- - - 


129 

87 

13 




The roots of infectious haOT root have not been found to contain 
the hairy-root bacteria. Only negative results were secured from 
attempts to isolate the organism from the tissues of 37 fleshy hairy 
roots more than one fourth of an inch long, which had emerged from 
the basal enlargem.ents. This finding confirms the work of Smith et 
al. and Riker et al. (BS), who found the bacteria to be present 
only in the basal enlargements. 

Isolation trials from crowm gaU and wound overgrowth induced by 
inoculations and wire girdles, respectively, appear to establish the 
identity of these malformations. A series of reisolation studies some- 
what less extensive than those conducted on hairy root were made on 
induced crovai gall and wound overgrowth. In 26 trials the crowm- 
gall organism was found constantly associated with the crown-gall 
symptoms in all stages from 0 to 12 weeks. As no pathogenic bacteria 
were secured in the 10 trials from wound overgrowths, these malforma- 
tions apparently are distinct from each other and from hairy root. 
These results are in accord wdth those of Riker and Keitt ( 30 ), Muncie 
(/7), Siegler (55), Brown (^), and others, and, in the wTiter’s opinion, 
establish the identity of the hairy-root disease. 

ENTRANCE OF ORGANISM INTO HOST 

MATERIALS AND METHODS 

In most of the field studies the Yellow Transparent variety of apple 
was selected as host plant because it was considered relatively sus- 
ceptible to infectious hairy root and because it was grown in sufficient 
numbers for the studies projected. Both first- and second-year trees 
were utilized. These trees were produced from piece-root grafts 
made from scions and roots grown in Kansas. 

The principal plants used in the greenhouse were Paris daisy, bean, 
sugar beet, sedum, and apple. : In a series of pathogenicity studies 
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sedimi and sugar beet were found to be the best plants tried for 
greenhouse studies. In these studies an average of 54 inoculations 
were made for each kind of plant. The following percentages of 
wounds ill the respective hosts showed hairy-root symptoms 2 months 
after inoculation: Balsam, 36; bean, 58; bryopliyllum, 57; Paris 
daisy (single yudlow), 66; Paris daisy (single white), 36; seduni, 100; 
sugar beet, 100; begonia, 0; and tomato, 0. A similar study of 240 
wound inoculations on the Fameuse variety of apple grown in pots 
showed 52 percent infected. 

The bacterial culture chiefly employed was the progeny of a single 
cell, strain C-1 (fig. 1), of the hairy-root organism, a detailed descrip- 
tion of wdiich is given by Wright, Hendrickson, and Eiker (4^). At 
3-month intervals this strain was checked for comparative patho- 
genicity against four sister single-cell strains, C-IO, C-11, C-“12, and 
C“13. Three-day-old transfers growm on potato-mannite agar gave 
abundant growTli and wmre used for inoculation. 

The method of inoculation on herbaceous plants was by needle 
puncture. The method of inoculation on apple grafts, unless other- 
wise noted, w as as follow's: On one side of the row a trench was made 
in the soil to the depth of the union, about 3 inches away from the 
trees to avoid injuring them. By means of a dibble the soil was 
removed from around the individual trees, and the stems were wiped 
free from soil. Drops of a subculture of the bacteria were then applied 
with a cotton swab to the stem surface, usually in five places spaced 
about 1 inch apart. With a scalpel, held at an angle, two thrusts 
w’-ere made through the drops of culture deep into the stem. During 
the 1930 season, strips of adhesive tape w^ere applied over the wounds 
to reduce chance contamination of the controls from the soil and to 
keep out insects. Promptly after inoculation the soil was thrown 
back into the trench and was hilled up several inches so as to bring 
it about 2 inches above the topmost wound. 

WOUNDS AS INFECTION COURTS 

The entrance of bacteria into the host has appeared to be a critical 
stage in the life history of the hairy-root organism; eonsequently a 
series of studies was undertaken to clarify this point. 

As the bacteria seemed to enter the host plant only through wounds, 
the necessity for wounds as points of infection was tested in the fol- 
lowing preliminary experiments. The hairy-root organism was 
washed over the surface of 20 Paris daisy plants. Ten of these were 
wounded with needle punctures in five places each, and the others 
were held without injury as controls. After 2 months of incubation 
all the imwuunded plants were free from disease, whereas 41 out of 
50, or 82 percent of the places wounded, showed hairy-root syniptoms. 
Two repetitions of this experiment gave similar results. An experi- 
ment on sugar beets, in which the same number of plants wuue used 
and the same number of wounds were made, resulted in the unwuunded 
plants remaining healthy and all 50, or 100 percent, of the wounded 
plants becoming infected. In two similar experiments on bean, 62 
and 34 percent, respectively, of the places 'wounded became infected, 
but none of the unwmunded plants show^ed symptoms of disease. In 
an experiment on the Yellow Transparent variety of apple the bac- 
teria were washed over 20 stems below ground. Ten of these were 
w*ounded in five places each with scalpel cuts. Two months later 
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tlie iiiiwoiiiided stems were liealtlu' and 28 of tlie 50^ planes wounded, 
or 56 percent, sliowed symptoms of the disease. These results are 
in accord with those obtained by Smith et ah {36), Riker (31), and 
hliiiieie (17), in work with the crown-gall organism. From these 
studies it appeared that infection occurred only through wounds. 
Atteiitioii was next directed to the various kinds of wounds that 
might be encountered. 

Infection followed the introduction of the bacteria into the tissue. 
This was determined by several tests. Drops of a fresh culture of 
tim haiiy-root organism from a cotton swab were placed in five 
different places on the stems of 10 Paris daisy plants. The bacteria 
were carried into the tissues by thrusting a needle through the bac- 
terial masses and then entireh^ through the stems several times. 
After 2 months of incubation, 38 of the 50 places wounded, or 76 
percent, showed the disease symptoms. A I’epetition of this experi- 
ment gave disease reactions for 28, or 56 percent, of the places 
wounded. Similar studies in which the same number of wmuncls 
were made on bean, sugar beet, sedum, and apple, gave, respectively, 
34, 100, 100, and 48 percent of infections after incubation periods of 
about 2 months. This type of inoculation technic was very effective 
in producing infection, and by means of a scalpel instead of a needle 
it was largely used in the field experiments on apple trees. 

Infection followed the placing of bacteria on the surface of wounds. 
This was determined by a series of tests. In a preliminary experi- 
ment a set of 10 Paris dais}^ plants were wmunded by passing" a needle 
through the stems in each of 5 places. The bacteria were then 
applied to the wound surfaces in the usual manner with a cotton 
svrab. After 2 months of incubation, 36 of the places wmiinded, or 
72 percent, showed symptoms of the disease. As shown later, the 
results of the infection-court studies, in wRich this inoculation 
technic was used, confirm the results of the Paris daisy experiment. 
These results demonstrate that infection takes place whether the 
bacteria are applied to the stem before or after the wounds are made 
and are in accord with those of Riker (f 7) in experiments wdth the 
erown-gali organism. 

Because of the importance of wounds in bringing about infeetion, 
grafting time is an important period for the mfection of piece-root- 
grafted apple trees. Siegler and Piper (SS) discuss this point. Whether 
the bacteria commonly do gain entrance at tiffs time is of siicli im- 
portance that it is discussed in a separate paper, on studies of the 
seasonal development of the disease, by Riker and Hildebrand (3S). 
The reactions at the graft union present so maiiv complications that 
certain phases of this difficult problem have been simplified in the 
present work through studies of wounds on the scions of actively 
growing trees. 

iNPiiXJENCE OF Type op Wound 

_ In a series of trials tlie type of wound apparently made no difference 
m the kind of overgrowths but did influence somewhat their rate of 
development and the percentage of wounds that became infected. 
A preliminary study on a comparison of needle-puncture and 
scalpel-cut wounds was made on underground stems of first-year 
apple trees to test their influence in producing infection. Five needle- 
puncture wounds were made in each of 10 different trees. An equal 
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,n:uiiiber of scalpel ciit^s were made in 10 trees. The procedure was to 
push the scalpel or needle deep into 'the stem, and to smear the hairy-, 
root biicteria promptly over the wound with, a co.ttoii swab. .Host- 
injury was obyiously greater from th.e scalpel cuts, and uifter. an 
iiiciibation period of 2 montlis infection seemed to be more pronoiinced 
^from the scalpel injuries. Subsequently lioweyer, this , difference 
gradually diminished. In this experiment all the injured trees be- 
came infected. The percentages of infection resulting from needle- 
puncture and scalpel-cut wounds were 38 and 62, respectively. In 
the percentage of wounds infected there wurs a discrepancy bet’ween 
tlie two t^^pes of wounds, and this required further consideration. 

A more extensive wound-type study was made to determine 
whether the hairy-root bacteria could enter apple stems throiigh 
different types of injuries. Tlmee types of wounds were employed, as 
follow^s: (i) Scalpel cut, which was made by pushing a scalpel deep 
into the stem at an angle; (2) bruise, which wuis made to resemble 
cultivation injury by striking the stem with a hammer; and (3) 
needle puncture, which was made by thrusting a needle deep into the 
center of the stem. The effects of these injuries were studied on 
first- and second-year trees. Each type of wound was made in 5 
places on the stem below ground on 13 trees of both ages. In each 
case the hairy-root bacteria were promptly applied to tlie surface of 
the wounds on 10 trees. The wounds on 3 trees were left untreated, 
as controls. Ten weeks later the results were taken. Because of the 
similarity of reactions on the first- and second-year trees, they are 
summarized together. For the respectiye types of injury the percent- 
ages of wounds becoming infected were as follows: Scalpel cut, 71; 
bruise, 66; and needle puncture, 41. Of the control wounds 5 percent 
of both the scalpel and bruise injuries became infected. The infection 
of the control wounds might be attributed to some soil vector, such as 
insects, which had free access to the wounded places. From this study 
it is apparent that all the different types of injuries served as mfection 
courts. Moreover, the symptoms produced by the infection of the 
different wounds were practically identical except for those in the 
needle-puncture injuries, which differed from the others in having 
(1) a slightly longer incubation period, (2) a somewhat lower per- 
centage of infections, and (3) smaller reactions. 

A repetition during 1931 of the experiment testing the three types 
of wounds (scalpel cut, bruise, and needle puncture) on second-year 
trees gave results similar to those just described. Strips of adhesive 
tape were placed over all the places wounded as a protection against 
the possible interference of soil fauna. Scalpel-cut and bruise wounds 
again were the most effective infection courts for the hairy-root bac- 
teria, as 82 and 66 percent, respectively, of these wounds became in- 
fected. Thirty-six percent of the needle-puncture wounds became 
infected. All the control wounds were negative. The slightly longer 
incubation periods for smaller wounds suggested the need for further 
study of the size of wound in relation to the development of the 
disease.,' ■■ ■" 

Extremely shallow wounds were found to be poor infection courts. 
In 1930 two types of wounds were tested, surface and scalpel cut. 
The surface injury consisted of a very shallow scraping of the stem to 
expose the outermost cortex layers to the bacteria. The scalpel cuts 
were made as before. Each type of injury was made in 5 different 
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pliiees on eacii of 40 trees. The wounds on 30 of the trees were inocii- 
lated with the bacteria, those on 10 trees being left as controls. All 
the wounds were covered, with adhesive tape. After an incubation 
period of 10 wrecks, 65 percent of the scalpel wounds and only 3 percent 
c 3 f the surface wounds had become infected. An identical experiment 
repeated, in 1931 gave confirmatory results, as 82^ and 4 percent, 
respective^, of the two t 3 ^pes of injuries became infected. These 
results show that shallow injuries to the stems of 3 mung apple trees 
are relativeh^ poor infection courts and that, within limits, the depth 
as well as the size of wounds is a factor in the amount of hairy-root 
infection. 


Length of Time Wounds Remain Open to Infection 

The length of time that wounds remain open to infection was next 
considered. Preliminaiw studies were made on Paris daisTp seduin, 
and bean plants in the greenhouse. The teinperature of the green- 
liouse wuis approxiinately 22^ C. and the relative humidit^^ about 70 
percent. In the first series 5 needle-puncture wounds were made in 
the stems of 22 Paris daisT^ plants above, at, and below the ground 
level. At intervals of 1 hour and 1, 2, 3, 4, 5, 6, 7, 8, 16, and 32 days 
after wounding, a water suspension of a culture of the hair 3 "-root 
bacteria was applied to the wounds of two plants with a cotton swab. 
The results were taken after an incubation period of 2 months. It 
was found that, in this trial in which the plants were kept on an open 
greenlionse bench, wounds older than 3 da 3 ^s did not beconie infected. 
This indicated that wounds 4 daj^s old had formed a barrier sufficient 
to keep out the organism. Repetitions of the experiment on Paris 
dais 3 ^, bean, and sedum showed that for 3, 2, and 4 days, respectively, 
the wounds remained open for infection under greenhouse conditions. 

These studies were then extended to include the effect of humidity 
on the time that infection courts remain open in Paris daisy and 
bean plants. The same time intervals and number of wounds were 
emplo37ed as in the previous tests. Exposure for 2 days before 
wounding to a relative humidity of approximate^ 90 percent at the 
usual greenhouse temperature of about 22° C. caused the wounds to 
staj" open longer for infection. The period was extended to 5 days 
for both Paris daisy and bean. In a similar experiment, with the 
same preliniinar 3 ^ treatment, on Paris dais}^ plants held at the same 
hiiriiidity for 9 days after wounding, the period that wounds remained 
open for infection was inereased to 6 days. These results show that 
wounds on plants in the greenhouse are ordinarily open to infection 
for only a few^ daj^^s after the}^ have been made and that raising the 
relative luimidhy lengthens this period. 

^ The length of time that wounds on apple remained open for infec- 
tion was approximately 2 days. Field studies on actively growing 
apple trees in the ninsery were made during the seasons of 1929 and 
1930. In 1929 three series of infection-court trials were made, start- 
ing, respeetivety, on May 9, June 7, and July 3. In each series, on 
the day of starting, 5 wmiinds were made on the underground stems 
of eacli of 4 first- 3 ^ear trees for each interval. The intervals tested 
were 1 hour and 1, 2, 4, 8, 16, 32, and 64 days. Four wounded trees 
w^'ere kept as controls. At the stated time after wounding, a fresh 
culture of the hairy-root bacteria was applied to the wounds with a 
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cotton swab. At the close ^ of the season results showed that the 
wounds on these trees remained open infection courts for no longer 
than 2 days. These data corresponded closely with those for green- 
house plants. The exact tune periods for .May, June; and July 
were/ respectively, 2, 2, and 1 days. In this experiment the time oi 
year appeared to influence the results slight^. An identical experi- 
ment was conducted on second-year trees with almost the same re- 
sults. However, in this case, in the June series, 2, or 10 percent, of 
the control wounds and 5, or 7 percent, of the wounds moculated 
later than 4 days after wounding became infected. These resuits 
caused the writer to suspect the interference of insects. 

Similar studies in 1930 consisted of five series, starting, respeetiTely, 
on Alay 12, June 1, July 1, August 1, and September 1. The pro- 
cedure of the previous season was followed throughout except that the 
unnecessary 32- and 64-day intervals were discarded. Both first- 
and second-year trees were used. To prevent possible interference 
from hairy-root bacteria or insects that might be present in the soil, 
adhesive tape was placed over the wounds promptly after they were 
made. The results (table 3) are in accord with those of the season 
before on the first-year trees, and fix the time that wounds ordinarily 
remained open for infection at approximately 4 days for the month 
of May and 2 days for the other months. Since the application of 
the adhesive tape over all the wounds the second season eliminated 
chance infections other than those shown in the table, it appears 
reasonable to assume that the tape was a barrier to some wnund-pro- 
dueing element in the soil environment. The fact that the wnather 
was more favorable for host growth during May 1929 than during 
May 1930 would seem to account for the discrepancy of 2 days in the 
length of time the wounds remained open for infection. Figure 1, Bj 
illustrates the typical hairy-root infections for the May series, wiien 
the plants were 24 weeks old. 

Table 3. — Length of time at different periods in the growing season of 1980 that 
wounds on 1- and 2-year-old apple trees remained open infection courts for the 
hairy-root organism “ 


W' ounds on trees of indicated age infected during— 


Period between 
wounding and ap- 
plying bacteria 

May 

June 

July 

August 

September 

1 year 

2 years 

1 year 

2 years 

1 year 

2 years 

1 year 

2 years 

1 year 

2 years- 


Number 

Number 

Number 

Number 

Number 

Number 

Number 

Nu mber 

Number 

Nu mber 

1 hour.—-. 

15 

m 

17 

16 

16 

15 

20 

IS 

12 

12 

1 day .... 

16 

16 

8 

16 

12 

13 

15 

g 

8 

, ' 9 

2 days,—., 

16 

16 

4 

2 

11 

10 

12 

10 

4 

7 

4 days.-.-.., 

9 

9 

r 0' 

0 

0 

1 

0 

0 

0 

■ ■ 0 

8 days 

0 

0 

! 0 

0 

0 

0 

0 

0 

0 

0 

16 days,—.-...—..'. 

0 

0 

0 

0 

0 

0 

0 i 

0 

0 

0 


« W^ounds were made on May 12, June 1, July 1, Aug. 1, and Sept., 1, 20 wounds were made in each trial. 
■Observations were made on 'Now,.;. 10,' 


The studies on the length of time that w^ounds remain open infec- 
tion courts both furnish support to and receive support from similar 
studies on whether callus may be ordinaiily an infection court. Cal- 
lus w^asfoimd ordinarily to be a bamer against the invasion of the 
hairy-root orgamsm. Eiker and Keitt (SO) earlier reported that 
caUus formed on apple grafts was not commonly an open infection 




overgrowths on the lateral roots of a tree infected on the main stem These 
late^I overgrowths, which yielded the hairy-root bacteria, presumably followed insect wounds y I? 

bwtoiaweiUS to to^spSen o^thi 

X H wounds were made and to the specimen on the right 1 day after the wounds were made! 
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court for tlie erowii-gall organism. ; Siegler (34) stated that the graft 
union after callus lias formed is .an infection court to n l,i.mited extent 
for the apple organism,.'’ vSiegler and Piper (So) reported a,, confirnia” 
tion of Siegier’s earlier results, stating that th,e grafts are ni; st siis- 
cept^ibie at the time they are made -a.nd become iiicreasi,iigly I’esistant 
with the progression of callus formation.'' 

CALLUS AS A BARRIER TO INFECTION 

The infection of callus was studied on apple trees in the nursery. 
Callus formation was stimulated by wounding the stem, and its reac- 
tion toward the application of the bacteria w^as tested in tlie soil 
under natural conditions. Callus of different ages was stimulated by 
making five wounds below ground on each of eight trees weekly for 
10 weeks. On the last date of wmimding the bacteria were applied to 
the wounded surfaces of one half the number of trees. Examination 
2 months after inoculation revealed that only those trees wounded on 
the date of inoculation had become infected. Of these, 11 out of 20, 
or 55 percent, showed the disease symptoms. The entry of the bac- 
teria in this case had been accomplished before callus had had time to 
form. Comparable results w^ere obtained in a study by Riker, Hilde- 
brand, and Ivanoff similar to that just described except that the 
callus was stimulated above ground in glass cylindefs under approxi- 
mately aseptic conditions. Similar studies, except for minor changes, 
were made in 1930. The time, originally 10 weeks, was extended to 
12 weeks. Strips of adhesive tape were applied over the "wounds to 
exclude possible soil bacteria and insects. Otherwise the procedure 
was the same. Again wound callus more than 1 week old did not 
become infected. Nine out of the 20 wounds inoculated on the day 
of wounding, or 45 percent, showed symptoms of the disease before 
callus bad had time to form. The results of the season before were 
verified. 

Further studies of callus as an infection court were made in 1931. 
In one experiment several turns of wire were wrapped around the 
underground stems of eight trees at weekly intervals for 12 weeks. 
One week later for each interval, the wrapped portions of the stems 
of four of the trees were smeared wdth the bacteria. The other four 
trees w" ere left untreated, as controls. Observations were made 9 weeks 
after the application of the bacteria. Although disease symptoms 
appeared in callus developments of all 12 ages, in 10 percent of the 
inoculated trees and in 8 percent of the control trees, this study seemed 
to demonstrate that callus is not commonly an infection court. The 
fact that a white gimb was observed feeding on one of the overgrowths 
which later showed infection indicates that the chance infections en- 
countered may have been due to insect injuries. 

In another experiment callus was stimulated by making a slanting 
upward cut with a scalpel into the undergiound stems. To prevent 
reunion of the several tissues a strip of adhesive tape was inserted in 
each cut. In all other particulars this experiment was identical with 
the preceding one. the observations were made, it wuis found 

that 12 percent of the inoculated trees were infected and that the 
control trees w'ere not infected. These results appear to substantiate 
those just reported in showing that un wounded callus does not ordi- 
narily serve as an infection court.^ 


4 IHastratioias of Ihese callus developments will be found in a paper by Biker and Hildebnind (fS).' 
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Since callus is Teiy easily injured^ a study was made of the suscepti- 
bility to ham^-root infection of callus that iiad received small wounds. 
Shallow wounding did not commonly, if at all, permit the entry of the 
hairy-root organism. Using the technic previoiisly described, the 
writer stiniiilated callus by wounding under three conditions: (1) On 
undergroimd stems exposed to the soil;. (2) on underground stems 
protected by adhesive tape; and (3) on aerial stems in glass cylinders 
{29) protected from outside contamination. At 4 biweekly intervals 5 
wounds were made in each of 2 plants for each of the 3 conditions 
named above. One week after the last wound was made the callus 
developments of the various ages were lightly pricked and scratched 
so as to limit the injury to the outer few layers of callus cells. The 
bacteria were then smeared over the injured surfaces. After an 
iiicubatioii period of 8 weeks only one of the wounds, and that in a 
1-week-old callus, was observed to be infected. In this case it 
appeared that, after the injury was made, insufficient callus remained 
over the susceptible host tissues to be a barrier to the organism. 
Parallel to this an equal number of wound inoculations were made 
which resulted in the development of the disease. Kepetition of 
one part of this experiment, namely, that on the underground stems 
protected by adhesive tape, gave the same results the next season. 
These results indicate that shallow woimds in callus do not ordinarily 
bring about infection, which is in accord with the results obtained 
when shallow wounds were made in apple stems. 

INFLUENCE OF SOIL INSECTS 

Wounds produced by insects should be considered as a possible 
factor in infection by the haiiy-root organism in the nursery. Root- 
chewing arthropods have been found by Banfield {4) associated with 
the occurrence of crown gall on raspberry. He showed that healthy 
raspberry plants grown in soil which had been inoculated with the 
crown-gall organism but which was free from insects became diseased 
only when white grubs were introduced into the controlled environ- 
ment. Consequently it seemed desirable to examine the possible 
relation of insects to hairy-root infection. 

Root-feeding insects have been observed during three growing 
seasons in the soil about nursery apple trees. Preliminary to a more 
detailed study (fS) of seasonal development of diseases, including 
haiiy root, a surve}^ was made of the insects connnoiily present around 
the graft iinions in the soil. From the survey it was determined 
that root-feeding insects, especially white grubs (Phyllophaga) and 
mreworms (Elateridae), were commonly present in the nursery 
soil during the giowdng season, from May to October. 

Insects eatii^ both hairy-root and healthy tissue have frequently 
been seen during the observations of diseased and healthy trees. 
These observations were .made in the coume of studies which required 
the examination of several hundred young apple trees each week. 
On several occasions during the growing season, from May to October, 
white grubs were obser\^ed feeding upon hairy-root overgrow'th tissue 
and other underground parts, such as stem tissue, root tissue, and 
both infectious and noninfectious hairy roots. Observations in 1931 
served to suppor^t the findings of the two previous seasons as to the 
activity of this insect and pointed to it as an important agent in 
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producing wounds that might lead to the hairy -root disease if the 
causal bacteria were present. 

Injuries similar to those produced b}"- white grubs in Kansas have 
been observed in Wisconsin^ lowa^ Missouri, Nebraska, and Okla- 
homa. Wireworms also were oceasionally observed burrowing, mt ;0 
callus and overgrowth tissues, especially in the earlier stages. Small 
fungus-gnat larvae (Mycetophilidae) were found to frequent some of 
the enlargements in the crevices, and sometimes the tissues. On 
three occasions white ants were found making trenches in the iiiaiii 
root or in the large branch roots, sometimes for the greater portion 
of their length. Twice microscopic examination of the surface of 
five 3 ’oimg overgrowths revealed the presence of nematodes. These 
are but some of the instances of interference by soil fauna with the 
underground plant parts as observed in the nursery during the growing 
season. 

Over a period of 4 years from one to several specimens of infected 
lateral roots were observed in positions that could have been reached 
only by insects. Eiker and Hildebrand (£8) in their studies found 
from 6 to 0.6 percent of the lateral roots infected. Hairy-root 
bacteria were isolated from the small overgrowths and from the main 
overgi’owth in the specimen illustrated in figure 1, A, proving their 
infectious nature. 

The development of new infections during both the first and the 
second growing season in Kansas was most easily explained as due 
to the agency of insects. As stated earlier, wounds appear to be 
necessary for the entrance of the bacteria. To account for the occur- 
rence of new infections over so long a period, some wound-producing 
agency must, therefore, have been almost constantly present in the 
soil around the gi*aft unions. Twm examples may be cited. In a 
block of 240 trees, 39 percent were found infected at the end of the 
first growing season and 59 percent at the close of the second growing 
season. A summary of the studies over a period of 4 years, in which 
about 7,000 trees were examined, showed at the close of the second 
season an increase in disease development of 13 percent over the 
first season. Further evidence on this point will be found in the 
paper on seasonal development by Riker and Hildebrand (28). 

Several experiments were suggested by the observations on insects 
in relation to hairy root. Isolations of the hairy-root bacteria w^ere 
made from white grubs that had been feeding on diseased tissue. 
Out of 38 isolation trials from the alimentary tracts of white gnibs 
in 1930, only one culture of the bacteria was obtained. The method 
of isolation consisted in disinfecting the exterior of the insect by 
immersion for 10 seconds in merciuic chloride, 1 : 1,000, and removing 
the digestive tract, which was transferred directly to 100 cc of sterile 
distilledwater. The vessel containing the water and digestive tract, 
after being shaken, was allowed to stand for 30 minutes, when five 
1-cc portions were plated on bile agar (19). Out of five isolation 
trials in 1931 from the mouth parts of w^hite grubs which had been 
eating young hairy-root overgrowth tissue when collected the day 
before and on which no surface disinfectant w^as employed, two 
cultures of the hairy-root bacteria were obtained. Eleven isolation 
trials from the alimentary tracts of as many white grubs, when no 
disinfectant w'^as employed, were all negative. These studies are of 
a limited nature. Howwer, the fact that some insects which habit- 
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iiallT feed upon imdergroimd plant parts may cany the hairy-root 
bacteria even for a short time is of significance in the life history of 
the hairy-root organism. 

Isolations from other insects gave negative results. ^ Regardless of 
the significance that may be attached to these isolation studies, the 
fact remains that wounds produced are potential infection courts 
for the bacteria.. 

Insect repellents — paradichlorobenzene (9) and mercuric chloride 
{7j 10 ) — were employed in an effort to reduce the amount of insect 
injury and coiisequeiitly of hairy-root infection on first-year trees 
in the jiiirsery. Although 50 and 35 percent reduction in hairy root 
was secured, the data are omitted because they are insufficient for 
definite conclusions. 

Insect barriers made of treated cloth were tested. Cloth of un- 
bleached muslin, 50 meshes to the inch, was washed to remove the 
filler, and dried. Strips 4 inches wide were folded and sewed to make 
a sack approximately 1 inch in diameter and 4 inches long. The 
sacks were soaked for 30 minutes in a preservative solution of 29 parts 
(by weight) of copper oleate dissolved in 71 parts of gasoline. This 
treatment has been successfully used in the preservation of cotton 
fish nets in both sea and lake water (38). The sacks were slipped over 
the graft unions and fastened at the base by folding and securely 
wrapping with a strip of adhesive tape 4 inches long by one half of 
an inch wide. Autoclaved soil was introduced from the top in suffi- 
cient amount to keep the cloth from contact with the nnion. The 
top of the sack was then folded and WTapped in the same manner as 
the bottom. Grafts wrapped with string and made from the same 
supply of scions and roots were used in this experiment. Five hundred 
grafts were fitted with sacks. An equal number without sacks w^ere 
planted alongside. The results taken at the close of the season showed 
about 6 percent of the sacked grafts and 24 percent of the controls 
infected. The cloth resisted decay until August, when an occasional 
sack had begun to show disintegration. Along with this treatment 
there was a growth-retarding action from the use of the sacks of about 
4 inches to the tree. Moreover, about 16 percent more of the sacked 
trees than of the controls died during the simiiner. Although the 
reduced amount of disease for the sacked grafts may have been partly 
due to one or more causes besides the cloth barrier, the exidence ap- 
peared to w< arrant a repetition of this experiment. The following 
season a similar study gave more reliable results. For the sacked 
and control trees there \vere, respectively, 13.9 and 26.0 percent of 
disease, 75 and 76 percent of stand, and 32.6 and 34.4 inches of aver- 
age height. With so little difference in stand and height, the diff'erence 
in percentage of disease appears important. The possibility of anti- 
septic action by copper oleate upon the hairy-root bacteria was tested 
but was not found to be significant. These experiments gave added 
strength to the idea of insect interference. 

INFLUENCE OF CONDITION OF HOST 

■ The entrance of the hairy-root .bacteria into'nursery apple trees was 
studied in relation to the susceptibility of the host as influenced by (1 ) 
the time of the growing season, (2) the age of the tree, (3) the size of 
the tree, (4) the v'ariety of the tree, and (5) the previous infection of 
the .tree. 
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The period of the gro\\dng season seemed immaterial so far as 
entrance of the organism was concerned. This was determined by 
making inoculations at weekly- intervals throughout three growing 
seasons. Each ^Yeek 10 trees were inoculated in the usual wa. 3 " hy 
introducing the bacteria through scalpel cuts in the sterns in five places. 
The percentage of trees that became infected was used as the measure of 
the entry of the bacteria. The results for the three seasons are g,iven 
,in table " 4 . Except at sporadic intervals during the growing seasons 
studied, the trees permitting entiv" of the bacteria approached 100 , 
percent, the averages for 1929, 1930, and 1931 being 97, 96, and 98 
percent. The apparent exceptions seem to be within the range of 
experimental error. The rapid falling off in the percentage of disease 
in September 1929 was probably due to the early' dormancy of the 
trees. Of the inoculations made on September 4 and September 11, 
50 and 0 percent, respectively, had become infected b}” the time of the 
last observation in November. This idea was verified when in May 
1930 it was found that all the trees which had apparently become 
dormant the September before showed infection. Consequently, 
100 percent infection is shown in table 4. The bacteria had entered 
and overwintered in the wounds, ready to produce infection the fol- 
lowing spring. Corresponding inoculations in September 1930 and 
September 1931 produced disease symptoms in November. It ap- 
pears, therefore, that bacteria will enter the host during any part of 
the growing season and will produce infection if the trees have not 
become dorm ant . 


Table 4. — Wounded apple trees infected hy hairy-root bacteria at different periods 
during 1929, 1980, aiid 1981 


Date 

Trees ,in- i 
feeted « 1 

Date 

Trees in- 1 
feeted « j 

1 

Date 

Trees in- 
fected « 

1029 

Percent . 

1930 

Percent 

1931 

Percent 

May 15 - - 

90 

May 12 

100 

,Mav 11.., 

100 

May 22 ... 

300 

May 19 : 

100 

AtavlS. 

IfKl 

IMaS’' 20 . 

100 

May 26 

1(W 

Afay 25 

100 


IfK) 

June 2 

100 

June 1 

IfMl 


300 

June 9 

100 

June 8--..- . 

90 

June 30 

fH3 

June 16 - 

50 

June 15 . 

100 

June 26 

100 

June 23, . - 


June 22,. 

’ 100 

July 3 .. 

300 

June 30. 

iOO 

Jime29..,....-.,. - ... > 

90 

Jill V 10 - 

300 

July?-. ... 

100 

I Julv 6 ..... 

KK) 

Julv 17 

90 

July 14 .. 

100 

July 13. 

100 

July 24. 

100 

Julv 21 

100 

Julv 20... . - 

100 

July 31...,...,. 

100 

July^... ..... 

100 

July 27 

300 

Aug. 7.: - 

I 100 

Aug. 4 

90 

Aug. 3 

300 

,Aiig. 14 ... . 


Aug. 31 

90 

Aug. 10- . 

100 

Aug. 21 

1 100 

Aug. 18 

100 

Aug. 17. . .... 

IMV 

Aug. 2S._. .. 

i so 

Aug. 25. 

100 

,Aug. 24 . . - . . 

00 

Sept. 4--- 

i 100 

Sept. 1 

300 

Aug. 31.. 

100 

Sept. 11.. 

i 100 

Sept. 8 

100 

Sept. 7, . . 

100 


1 ■ ■■ 



Sept. 14,.,. 



» 10 trees were inoculated each week. 

^ ,For explanatio,n see paragraph above table. 


The age of the nursery apple tree, in this region where trees are 
growm only 2 years, did not seem to influence suscepti!)ility to infe<*~ 
tion by tlie Imiry-root bacteria. Inoculations made in 1929 on lirst- 
and second-year trees showed 85 and 93 percent of infection, respec- 
tively, and inoculations made in 1930 and 1931 showed 97 percent of 
infection on both first- and second-year trees. An average of 40 
trees, each wmimded in five places, was used in each part of the test. 
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Ail sizes of growing apple trees were found infected in the same 
field under natural conditions. Each year, at the end of the growing 
season, representative first-year trees were selected, examined for 
disease development, and measured for height. A graphic presenta- 
tion (fig. 2 ) of the data accumulated during the 1929 season serves to 



HEIGHT OF TREES (INCHES) 

Figure 2. —Distribution in 1929 of healtby and hairy-root diseased l-year-old apple trees in groups based 

on height of trees in inches. 

bring out the distribution of the diseased and healthy trees with re- 
spect to the different size groups arbitrarily chosen. For graphing, 
all the trees were placed in size groups differing from each other by 
intervals of 4 inches, e.g., !!) less than 12 inches, (2) 12 to 16 inches, (3) 
16 to 20 inches, etc. These data showed a fairly even distribution of 
both diseased and healthy trees over the range of size groups. A simi- 
lar study on second-year trees (fig. 3) gave similar results. Since all 



Figure 3.— Distribution in 1930 of healthy and hairy-root diseased 2-year~old apple trees in groups based 

on height of trees in inches. 

sizes of trees may be found infected in the field it seems logical to con- 
clude that size is not an important factor in susceptibility of trees to 
infection by the hairy-root organism. Further evidence in support 
of this conclusion was derived from an experiment in which 311 trees 
as they came in the row were inoculated; subsequently, 95 percent 
Avere found to have become infected. When compared as to size it was 
found that most of the 5 percent which resisted infection fell into the 
more numerous middle-sized groups. 

_ Varietal susceptibility to infection by the haiiy-root organism 
differed widely among the varieties of trees studied. That not all 
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Tarieties of apple are eqiialty susceptible to the hairy-root disease has 
been recognized by different workers, including Hedgcoek (if), who 
reported as the result of a country-wide survey that the Ben Davis, 
Wolf River, and ■Northern Spy varieties especially were attacked in the 
nurseries. The present study , was made on the relative susceptibility 
of the varieties of apple trees commonly grown at Topeka, Ivans. 
Late in May 50 inoculations were made in each of 29 varieties in 19S0 
and in each of 37 varieties in 1931. Twenty-seven of the same varieties 
appeared in the tests both years. The varietal names were checked 
with “Standardized Plant Names’' (f ), the local names being retained 
when the variety did not appear in the standard list. Two names are 
given for some of the varieties. After 2 months of incubation the 
overgrowths were cut off even with the stem surface, wrapped in 
moist paper, and taken to the laboratory. The following points were 
recorded for each variety: (1) The number of inoculations giving 
positive reactions, (2) the volume displacement of hairy-root tissue, 
(3) the wet weight of hairy-root tissue, and (4) the dry weight of hairy- 
root tissue. 

On the basis of the percentage of wounds infected, the different 
varieties ranged in susceptibility from 12 to 100 percent in 1930 and 
from 22 to 100 percent in 1931 (table 5). Three of the 27 varieties 
appearing both seasons (Fameiise, Florence (crab), and Livland 
Raspberry) gave the same percentage of positive inoculations; three 
others (Hopa (crab), McIntosh, ancl Wealthy) gave a lower percent- 
age of positive inoculations the second season ; the remaining 20 vari- 
eties showed an increase in the percentage of positive inoculations the 
second season. For example, the Yellow Transparent variety had a 
susceptibility to infection of 48 percent in 1930, and 82 percent in 
1931. On the basis of growdh, the varieties showed some difference 
with respect to one another and considerable difference with respect 
to the season. The average amount of hairy-root growth for each 
positive inoculation was calculated on the three bases already given. 

Since the three different measures of hairy-root development showed 
such a close correlation, only the first one need be discussed. The vol- 
ume growth in cubic centimeters of the different varieties ranged from 
0.31 to 1.71 in 1930 and from 1.00 to 4.04 in 1931 . Without exception, 
in the 27 varieties appearing both seasons a considerably larger growth 
of diseased tissue occurred the second season. When the varieties were 
groiiped the average growth of diseased tissue in 1931 was approxi- 
mately 300 percent of that of 1930, These studies indicate that vari- 
etal differences in siisceptibility to the hairy-root organism are im- 
portant factors in the infection and development of hairy root. 

In 1929 50 second-year trees which had become diseased the first 
season w-ere wmunded b}^ deep punctures made with a pomted blade 
above, below, and at either side of the union, at least 1 cm from the 
enlargements ; 25 other diseased trees were kept unwounded as con- 
trols. A group of 25 healthy trees were wounded about the iinion in 
the manner described above; 50 others were left unw^oiinded as con- 
trols. The soil in which the trees were growing w^as infested with the 
haiiy-root bacteria. Of the diseased trees, 24 percent of those 
wmimded and 12 percent of those left imwounded showed new infec- 
tions at the end of the year; of the healthy trees, 28 percent of the 
wounded and 14 percent of the imwounded became infected. This 
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st'oclT revealed the fact that new infections occurred whether the trees 
were diseased or healthy. Moreover a number of new infections oc- 
curred in the same series where' no wounds were inade^ the majority 
of these infections appearing at the union or above it on the. scion. 
Numerous observations in the field confirm these findings. Appar- 
ently previous infection of nursery apple trees does not produce an 
inimimit}" to later infection. Tliis is in accord -with the results ob- 
tained by Smith et al. {S6), Brown (5), and Riker {22), in their 
work with crown gall. 

Table 5. — Sesults of tests made during 19SO and 1981 in Kansas on the relative 

susceptibility of 38 varieties of nursery apple trees to infection hy the hairy-root 

organism 


'Variety 

; Inoculations 
; positive 

i .Average growth of reactions n 



i ! 

1 Displacement | Wet weight 

i 

leasured by— 

Dry weight 

1930 

i 1931 

1930 

1931 

1930 

1931 

1930 

1931 


Per- 

1 Per- 








cent 

cent 

Cc 

Cc 

Grams 

Grams 

Grams 

Grams 

Anoka 

34 

76 

n 60 

1 .18 

n .n 

L32 

0 12 

0 *>7 

Ar,k'ansas f* 

20 

i 56 

.65 

i. 21 

.50 

1.06 

‘10 

.18 

Baldwin.,.. . 

42 

86 

.31 

1. 16 

.26 

1.05 

.05 

. 21 

.Beauty (crab') _ 


34 


1. 30 


1.03 


19 

Ben Davis 

72 

88 

.39 

1.89 

.38 

1.50 

.07 

.27 

Cortland _ 

100 


.88 


.80 


. 19 


Delicious 

62 

94 

.45 

1.70 

.36 

1.57 

.07 

.37 

Dolgo (crab).. 


98 


3. 51 


3.08 


. 66 

Early Cooper. 

98 

100 

i. n 

3.78 

1. 40 

3.43 

.26 

.61 

Early .Harvest 

26 

68 

.69 

1, 56 

.59 

1.33 

.15 

.27 

Fameiise ^ 

94 

94 

1. 49 

3. 77 

1.41 

3.46 

.22 

.60 

Florence (crab).. 

60 

60 

1.13 

3. 33 

1.02 

3.05 

.18 

.51 

Gano I . . 

30 

100 

.50 

3.04 

.46 

2. 77 

.07 

.62 

G'a,no II 


92 


1.72 


1.63 


29 

Grimes Golden 

38 

84 

.80 

1. 38 

, 67 

1. 24 

.13 

.27 

.Hopa (crab) 

38 

22 

.42 

1. 45 

.34 

1.07 

.08 

.20 

Hyslop {erab'l,. 

98 

100 

1.39 

3. 86 

1.28 

3. 72 

.25 

.76 

Jonathan . 

50 

92 

.61 

2.59 

.56 

2.39 

. 10 

.47 

•Li viand .Raspberry , 

100 

100 

1.31 

2.14 

1.19 

1.87 

.21 

.40 

AfcI.ntosh . ' 

38 

36 

.60 

2.12 

.57 

2.08 

.14 

.41 

Mmkler 


70 


1 08 


1 00 


19 

Maiden Blush. ... .. 

86 

96 

.89 

3. 17 

,78 

2 ’. 77 

. 16 

. 52 

Xorthwest ern Greening 


90 


2. f>9 


2.:k5 i 


.37 

Oldenburg i 


96 


2. 73 


2.46 


.41 

fi.ainbo,- :' 

68 


.36 


.30 

. 08 

Red Asrrachan, , 

SS 

98 

,60 

1. 63 

.56 

' 1.23 

log 

.22 

Red June • 


98 


2. 96 


! 2. 58 


. 61 

Rome -Beauty.,..,..: : 

20 

30 

.44 

1. 47 

.40 

]95 

.07 

* 23 

Stayman W inesap _ . . _ 

12 

86 

.33 

2.63 

.31 

2.44 

.05 

.44 

Tolman Sweet ,. 

54 

84 

.46 

1.88 

.39 

i 1. 71 

.09 

.34 

Turley 


74 


1 . 6.1 


1. 28 


. 58 

Wealthy.... 

74 

72 

.51 

2.22 

.49 

1 ] 96 

. 10 

! 39 

Whitney (crab)..... 

14 

68 

.57 

2.44 

.46 

2.07 

,09 

.48 

Willow! wig ) 


98 


2. 61 


2. 31 


. 39 

W.ilsonJime_ 1 


96 


4.04 


3.37 


. 67 

Winesap. i 

24 

90 

.42 

2. 24 

.37 

2. 03 

.07 

. [44 

Winter Banana | 

60 

86 

.47 

1, 00 

.40 

.87 

.08 

. 15 

Yellow Transpare.nt...... . .. 1 

48 

82 

,62 

2. 02 

. 52 

1. 83 

. 11 

.37 

York ImperiaL 

16 

66 

.44 

1,18 

, 39 

.94 

.10 

.21 

Averages.: ' 

52 

78 

.69 

2.16 

.61 

1.91 

. 12 

.37 


« .10 inoculations were made on each variety. ' 

* Wam,mQtb Black Twig. 

Snow., 

BlaekBen.,/ ", 

cLivland Baspberry. „ . ■ ■ 

/ 'Duchess. , 

s These a\''erages represent the., ^ varieties occurring both seasons. 
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LOCATION OF ORGANISM WITHIN HOST 

The location of the hairy-root organism in the host tissues was 
another phase of the life history studied. Studies on the location of 
the crown-gall organism in the tissues of several hosts were made by 
Riker {21),^ Robinson and Walkden and Ivanoff and Riker {IS). 
Because of its similarity to the hairy-root organism, the studies on 
the crown-gall organism suggested methods of approach for this work. 

The hosts selected for this study were Paris daisy and apple. 
Inoculations were made only on 3mung stems of vigorous plants, from 
1 to 4 inches below the apex. The method of inoculation was by 
needle puncture through a drop of a suspension of the bacteria placed 
on the surface of the stem. Control punctures were made witlioiit the 
bacteria. Inoculated and uninoculated stem specimens were prepared 
for study, at intervals of 1 hour, 1, 2, 3, 4, 8, and 16 days after treat- 
ment. This material was examined both in the fresh state and when 
embedded in paraffin after being fixed in formalin-acetic-alcohoL 
Parallel series were prepaiod in which the inoculum consisted of 
hairy-root bacteria mixed with Phytomonas msidiosa (McCiilloch) 
Bergey et ah, a Gram-positive organism, and hairy-root bacteria 
mixed with india ink. These mixtures, devised to aid in the location 
of the bacteria in the tissues, are similar to those used by Ivanoff and 
Riker (13). Of a large number of staining combinations tried, includ- 
ing the use of Gram's stain in studying the mixture of organisms, the 
staining procedure found most satisfactory was to immerse the prepara- 
tion for about 1 second in dilute safranine, 1:1,000, followed by the 
light-green counterstain. 

Relations of the hairy-root organism wuth the host are apparently 
first begun in the liquid released by the wounds. When wounds were 
made in the stems of Paris daisy and apple, there was a water-soaking 
of the neighboring tissues similar to that described by Riker (21) in 
tomato. These juices, liberated from the cells by the wnund, flooded 
the neighboring intercellular spaces for a short distance from the 
wound cavity. The bacteria were observed in the wound cavity and 
for some distance between the cells in the surrounding host tissues. 
The bacteria, operating under a complexity of forces, as suggested by 
Ivanoff and Riker (fd), become distributed in the wound juices that 
ordinarily fill the neighboring intercellular spaces. 

In the fresh material the bacteria appeared to be located in the inter- 
cellular spaces in both Paris daisy and apple stems. For example, 8 
days after inoculation a comparison of both Paris daisy and apple 
tissues which had received control punctures wuis made. The crushed 
tissues bordering the wound cavity in both inoculated and uninocu- 
lated stems were discolored. The inoculated stems had an intercellular 
discoloration spreading out into the tissues for a short distance from 
the path of the needle. It varied from a pale yellow to a brown and 
was especially marked in the tissues outside the cambium. None of 
tile uninocuhited tissues showed this discoloration, Froin the limited 
studies made the position of the discoloration, whether in the walls 
or in the material between the cells or in both, could not be determined 
with finality. How^ever, in the section examined, it seemed to be 
present in both places in vaiying amounts. The extent of the discolor- 
ation between the cell^ from the edge of the wound seemed to corre- 
spond rather closely to the area which appeared water-soaked when the 
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wound was made,, roiiglily a distance of 10 to 20 cells. Tiie fact that 
outside the path of the needle only the inoculated tissue became dis- 
colored indicated that this condition was caused by the presence of 
the bacteria. 

The fixed Paris daisy material, whether stained or unstained, was 
found to contain the bacteria in the spaces between the cells. Sections 
were cut from 10/x to 20u in thickness. After inoculation the unstained 
tissues showed discolorations similar to those of the fresh material. 
A yellowing of the regions apparently invaded by the bacteria became 
evident 4 days after inoculation; 8 days after inoculation the color 
became deeper, almost browm. Staining dyes show^ed a strong affinity 
for these regions, so that the bacteria, if present, were obscured. In 
some sections the use of india ink or Gram-positive bacteria made 
the invaded intercellular spaces more distinct, although their position 
and extent seemed to be the same. It wms generally found that the 
discolored regions in 8-da3-old preparations took the dyes very readily, 
making the bacteria diffimilt to see. Starting from the wound, search 
wuis made for the bacteria. Only cells that had been injured w^ere 
observed to contain bacteria within them (fig. 4, A), The bacteria 
could be traced for short distances into the intercellular spaces. In 
the pith of Paris daisy there are comparatively large intercellular 
spaces. Photomicrographs of a cross section and longitudinal section 
of stems 8 days after inoculation showed deeply stained material in 
these intercellular spaces (fig. 4, B and C). With high magnification 
the bacteria are visible in such locations (fig. 4, D), \ 

Studies of the apple stems involved preparations similar to those on 
Paris daisy, and show^ed the bacteria to be similarly situated. The 
extent of migration of the bacteria into the tissues outside the xylem 
from the path of the wound seemed even more limited than for Paris 
daisy. Moreover the bacteria w^ere observed to stimulate hyperplasia 
only in the tissues outside the xylem. 

The presence of the organisms betw^een the cells of the tissues border- 
ing the wound stimulated a multiplication of the cells in those locali- 
ties. This change appeared to begin about 8 days after inoculation. 
All the tissues w^ere examined less than 16 days after inoculation. 
Cross sections of stems made 8 to 16 days after inoculation revealed 
the presence of circular areas of hyperplasia (fig. 4, E and F) outside 
the xylem. Variable in number and from one to several cells in radius, 
these areas w^ere in close proximity to the wound borders and appeared 
to be about the intercellular spaces containing the bacteria. For a 
distance of from 1- to 10-cell diameters away from the center of such 
localities the cells w^ere stimulated to division in a tangential plane. 
This was the condition 16 days after inoculation. Bacteria have been 
observed usually at the centers of such areas, which when stained stand 
out distinctly in strong contrast to the surrounding tissues. The 
development of hairj^ root after the formation of the hyperplastic 
areas is an important phase of the disease requiring further investi- 
gation.. 

An the injured xylem vessels the organisms appeared for a short 
distance from the wounds in both cross and longitudinal sections of 
apple and Paris daisy stems. In some longitiidinal stem sections of 
Paris daisy it was common for the bacteria to be present in the vessels 
to the end of the section. Stem cross sections above and below^ the 
wounded area showed the bacteria to be present within the vessels 
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fiGURE4.— Photomicrographs showing the location of the hairy-root bacteria; A, Cross section of a Paris 
daisy stem 4 days after puncture inoculation, showing the bacteria within injured host cells and in the 
neighboring vessels. X 270. B, Cross section of a Paris daisy stem 8 davs after puncture inoculation, 
showing discolored intercellular spaces which contain the hairy-root bacteria. X 270. C, Longitudinal 
section of a Paris daisy stem 8 days after puncture inoculation, shovring discolored intercellular spaces 
which mark: the position of the hairy-root bacteria. X 100. i>, Longitudinal section of a Paris daisv stem 
8 days after puncture inoculation, showing the hairy-root bacteria in the intercellular space, X 5M. E, 
Cross section of an apx>le stern 8days after puncture inoculation with the hairy-root organism , showing the 
position of the circular areas of hyperplasia in relation to the host tissues and to the wound. X 200. h\ 
Another cross soction of an apple .stem showing the position of the circular areas of hyperplasia in the host 
tissues above and below the wounds. X 200. . 
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(fig. 4y .ri). Because no changes in these tissues were observed, the 
presence of the bacteria in the vessels appeared to be of no importance 
in bringing about infection. 

Several tliousaiid mociilations made on unwounded apple trees 
failed to produce infection. Symptoms of hairy-root infections in- 
duced bv inoculation have invariably originated at the point of inocu- 
lation. ‘^This characteristic of hairy root is in accord with the limited 
migration of the bacteria from the wound cavity found in the studies 
on the location of the bacteria. 

A study of the location of the bacteria in the older tissue was 
continued" with bacteriological technic. 

The bacteria seemed toTbe most abundant in the soft outer tissues 
of the enlargement, Tiiis wiis determined froni isolation studies in 
which the wniter used the technic described earlier. The interior of 
the basal enlargements of hairy root consisted chietty of xyleni ele- 



riGi'RE 5.--~Seetiou of a hairy-root overgrowth after a 15-m.iuiite exposure to the air. showing the white, 
hard interior tissues and the soft outer tissues which have discolored in the air and which usually contain 
the hairy-root bacteria. Actual size. 

ments. ^ For some distance beneath the surface two tissues are para- 
mount in the enlargement — the hard, white, woody interior, and a 
soft, alinost colorless, cortical exterior of varying thickness. Exposure 
to the air for a few minutes caused these soft outer tissues to become 
brown as if oxidized. The vascular tissues remained unchanged 
(fig. 5). 

The bacteria W' ere isolated consistently from the surface and sub- 
surface parenchymatous tissues of the enlargements. In order to 
clarify the position of the bacteria in the enlargements, isolations were 
made from different tissues./ Different kinds of enlai’gements com- 
mon to the nursery, approximately 50 percent of which were hairy 
root and the remainder principally wound overgrowth, were taken 
at random and isolations made. In a series of 152 isolation trials, 131 
series of platings wnre made from the surface, 152 from the subsurface, 
and 1 52 from the deep interior. The surface tissue yielded the largest 
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percentage of the organism, or 39 percent (table 6 ). In sampling the 
siirfacn tissue soil particles were sometimes iinavoidahly included. 
The subsurface parenchymatous tissue was removed asepticaHy and. 
yielded in.feetious bacteria in 38 percent of the isolation trials. Froni 
the deep Aoisculai* tissue the bacteria were obtained only fr(>m dis- 
colored ar(\as wheia^ soil particles were imprisoned. It sliould be 
noted in tiie tabk^ that nonpathogenic l)acteria, Barillus radiobacter 
Beij. and Van Deld., were uniformh^ o})tained in considerable qiiaii- 
tity. The significance of these nonpathogenic bacteria has not been 
determined. However, the location of the bacteria at the surface of 
the enlargements is of imi:)ortance in relation to the soil. 


Table Q.— Summary of isolation studies from the different tissues of represeniaiwe 
enlargements fomid in the nursery ^ 


Tissue examined 

i 

! Isolation 
! trials 

i 

1 Enlargements yielding— 

i Phytomonas \ 
\ rhizogenes i 

Nonpatho' ^ 
genic baeteria 

No baeteria 

Surface parenchymatous 

Subsurface parenchymatous — 

Deep interior vascular - ----- 

Number 
' 131 

152 
152 

Percent i 
39 i 
38 i 

b 1 1 

Percent 

32 
28 
c 2 

Percent 

29 

1 34 

1 97 


« No crown galls were included among these specimens. 

The deep interior tissue yielded Phytomonas rhizogenes only from discolored tissue containing soil 
particles. 

Nonpathogenic bacteria also were obtained only from discolored tissue containing soil particles. 

SOIL RELATIONS OF ORGANISM 

The bacteria were found to be abundant on the surface of the 
hairy-root enlargements. The most promising method of studying 
this probleni seemed to be dependent upon the production of infections 
under approximately aseptic conditions away from common soil con- 
taminants. The production of hairy root under these conditions has 
been worked out by Riker, Hildebrand, and Ivaiioff (^9)^ where the 
technic is given. Examples of the diseased specimens produced b}^ 
this method are described. Briefly, the technic consisted of fitting 
glass cylinders around the stems of apple and sealing them so as to 
excinde all micro-organisms, except the hairy-root baeteria, used in 
making the inoculations. At intervals of 9, 10, 13, 15, 17, 19, and 21 
weeks after inoculation the specimens were taken for study. The 
surfaces were sterilized by immersion for 15 minutes in a 20-percent 
solution of a sodium hypochlorite preparation, known as ^^BaciilikilPV 
which contains 3,5 percent of sodium hypochlorite by weight. The 
disinfectant was removed by washing through three cfianges of sterile 
distilled water. In an effort to recover the organism, bile-agar 
platings were made of the sterile distilled water in which the specumens 
were allowed to be immersed for intervals of 10 minutes, 1 hour, 4 
hours, 1 day, and 2 days.® Hairy-root bacteria were obtained in the 
washings of all the specimens and for all the washing intervals tested. 
One control specimen gave off no bacteria; a crown-gall specimen 
yielded the crown-gall bacterial 

5 TMs tecbuic was d:e.veto,ped after consultation with W. M. Banfield, Beparfenient of Botany, llniwsity 
•of Chicago. 
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A parallel exit stud}^ wliich was conducted on disease specimens 
produced in tlie soilj gave similar results. Four specimens^ inocii- 
la ted, respectiTelv, 2, 4, 6, and 8 weeks previously, were used in this 
studxx These specimens were washed free from soil particles in such 
a iiianner as to produce no injuries. They were then sterilized and 
washed free from the sterilizing solution as in the preceding experi- 
ment. The specimens were placed for 1 hour in sterile distilled water 
before the water was plated. After an incubation period of 1 week the 
hairy-root bacteria were obtained from the platings of specimens of 
all four ages. The proof of the identity of the bacteria saved from 
these isolations was established by positive inoculations on apple. 

The bacteria were found rather often in the soil near the hairy-root 
formations. In 1929, 10 isolation trials were made at each of three 
lO-day intervals, starting l\lay 28. The technic employed was as 
follows: For each trial a sample of about 500 g of soil was removed 
from around a hairy-root formation and taken to the laboratory. 
After a thorough mixing, a sample of 20 g was weighed into a flask 
containing 200 g of sterile distilled water. This was shaken and al- 
lowed to settle for about 1 hour. One cubic centimeter of the super- 
natant liquid was then transferred to each of three Petri dishes. 
Loop dilutions frorn each of these were made to three other dishes, 
respectively, containing 1 cc of sterile distilled water. Bile agar was 
added, and the plates were then allowed to incubate at room tempera- 
ture for 1 week, after which an examination was made. The per- 
centage 3delds of the hairy-root organism in the three successive trials 
of this experiment were 40, 80, and 60, respectively. The bacteria 
were obtained in 18 of the 30 attempts, or 60 percent. 

A similar study, consisting of 10 trials conducted on soil taken from 
around healthy unions, were all negative. Since the bacteria were 
obtained relative!}^ easily from random samples from the nursery soil 
this may seem unusual. Flowever, in securing these samples soil was 
taken from around trees of a poorly knotting variety where there was 
less chance of soil contamination, 

A 3-day-oM growth of bacteria from six large prescription bottles 
was poured into a cubic foot of soil stored in the field, and the same 
treatment was given a similar amount of soil kept in a storage cellar. 
These soils were inoculated in October 1930, and three isolations were 
subsequent^ made from each soil at monthly intervals, through 
April 1931. The soil stored in the cellar yielded the bacteria in 20 
out of 21 trials; the field soil yielded the bacteria in 19 out of 21 trials. 
It is apparent froin these experiments that the bacteria may over- 
winter in soil kept in the field or with nursery stock stored in the cellar. 

The longevity of the bacteria in field soil has been found to exceed 
1 year both m Wisconsin and in Kansas. At Madison, Wis., steamed 
soil inoculated with the hairy-root bacteria in the summer of 1928 
yielded the bacteria in 2 out of 4 trials in April 1929 and in 1 out of 4 
trials in October 1929, Field soil inoculated in the summer of 1929 
yielded the bacteria m 1 out of 3 trials in October 1930, and in 0 out 
of 3 trials in April 1931. In 1930 an attempt was made in Kansas 
to recover the hairy-root organism from the soil of four fields that had 
grown or were growing nursery apple trees. Fields 1, 2, 3, and 4 had 
1927 and 1928, 1928 and 1929, 1929 and 1930, 
1930 and 1931, respectively. At five different intervals (June 3, 
June 1 / , July 1 1, July" 30, and August 28), 10 soil samples from each 
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field were collected at random from a dejjth of about 4 inches and then 
iiiixed for each field. Platings were made according to the technic 
of the previous season^ except that four instead of three 1-cc samples 
were taken for each flask. The results show that the bacteria were 
present but were not very abundant in three of the fields. Briefly, 
from a total of 20 trials for each field, the hairy-root bacteria were 
obtained in 0, 20, 25, and 30 percent, respectively. Onl}’ in field 1, 
from which the trees had been removed 2 years previous, w'ere no 
bacteria obtained. The presence of the bacteria in field soil from which 
the trees had been removed a year previous (field 2) and their absence 
in soil which had grown trees 2 years previous (field 1) indicated the 
length of time after inoculation that bacteria could be isolated from 
the soil. Isolations were again attempted in May 1931 from fields 2, 
3, and 4 and from the soil of the new graft field, which the season 
before had grown apple seedlings. Field 2 failed to yield the bacteria, 
although it had done so the previous season. Fields 3 and 4 and the 
new graft field yielded the bacteria in 25, 25, and 50 percent of the 
trials, respectively. The presence of the bacteria in the graft field 
in May in so short a time after the grafts were planted may perhaps 
be traced to the growth of seedlings in this field the previous season. 
These results correspond in general to those secured by Patel (20) and 
Banfield (3) for the length of time crown-gall bacteria could survive 
in unsterilized soil. 

DISTRIBUTION AND TRANSMISSION OF ORGANISM 

Although nursery stock may be inspected and diseased trees 
destroyed, it is difficult to find the incipient stages and impossible to 
find recent infections. Moreover, healthy plants may cany the 
bacteria on their roots. In 1929 a consignment of apparently healthy 
Wealthy apple grafts were planted at Madison, Wis. (23)^ in beds of 
soil that had been steamed. At the close of the growing season some 
of the trees had overgrowths at their unions. Twenty trees showing 
these malformations were selected at random. Isolations from 14 
yielded typical hairy-root bacteria. The probability that these bac- 
teria entered the trees from the steamed soil is remote, hence they w^ere 
probably carried either in the unions or on the surface of the roots. It 
seems fairly obvious that the part played by shipments of nurseiy 
stock is important in the widespread dissemination of the disease. 
This may account for its presence in practically every region where the 
host plant is grown. 

The seedling root was found to be one medium of transmission of 
the causal organism from one crop to the next. Siegler and Piper 
{35) reported that the seedlings may in nature carry surface-borne 
organisms in quantities sufficient to be considered an important source 
of inoculum.^’ Isolation trials from washings from certain seedling 
roots have yielded the bacteria. Three-inch pieces from 26 different 
seedling roots were placed in test tubes partly filled with sterile dis- 
tilled w'ater. Platings were made the water 4 hours later. 

Hairy-root bacteria were obtained from 24, or 92 percent, of the speci- 
mens, indicating that the seedling is at least one of the primary sources 
of inoculum. This and other evidence obtained from these life-history 
studies points to grafting time as the time when the principal primary 
infection of the apple tree takes place. The presence in the soil of 
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priiiiarj i:nfectioii.s, resulting from the entrance of the bacteria^ at 
grafti,iig time, together with the various wound-producing agencies, 
{.ire the factors which would seem to account for t.he seco.nd.fi.ry spread 
of the disease. 

SUMMARY 

111 studies of infectious hairy root special consideration has been 
given to the life history of the causal organism in relation to its patho- 
genesis on nursery apple trees. 

The differentiation of hairy root from crown gall and from wound 
overgrowth has been repeated and confirmed. 

The entrance of the bacteria into the host plants was found to be 
accomplished oiih^ through wounds. The bacteria were able to pro- 
duce infection if placed only on the surface of the injuries. 

The type of wound apparently made no difference in the kind of over- 
growths, but did influence somewhat (1) the length of the incubation 
period, (2) the percentage of inoculations producing infection, and 
(3) the size of the reaction. Extremely shallow wounds were found 
to be poor infection courts. 

Wounds on the underground stems of nursery apple trees in the 
field remained open for infection a relativeh" short time, averaging 
about 2 days. 

Callus was found ordinarily to be a barrier against the invasion of 
the hairy-root organism. Shallow wounding of callus only occasion- 
ixllj resulted in infection by the bacteria. 

Insects appeared important in producing injuries that led to hairy- 
root infection. Root-feeding insects have been commonly observed 
during three growing seasons in the soil about nursery apple trees. 
During the study of diseased and healthy trees, insects frequently 
have been seen eating haiiy-root and healthy tissue. Infected lateral 
roots were occasionally observed in positions that could have been 
reached only by insects. The development of new infections through- 
out both the first and second growing seasons in Kansas was most 
easily explained as due to the agency of insects. 

Several experiments suggested by the observations on insects 
indicated a relation of insects to hairy root. The hairy-root bacteria 
were isolated from white grubs. Isolations from other insects gave 
negative results. Insect repellents in preliminary trials reduced the 
amount of hairy-root infection. Insect barriers considerably reduced 
the amount of hairy root. 

The time of the growing season seemed immaterial so far as the 
entrance of the organism was concerned. 

The age of the nursery apple trees in Kansas, where trees are grown 
only 2 years, did not seem to influence susceptibility to infection by 
the hairy-root organism. 

All sizes of nursery apple trees were found infected in the same field 
under natural conditions and all sizes became infected when inoculated 
.with the causal orga.nism. 

^ Varietal susceptibility to infection by the hairy-root organism 
differed videiy, ranging from 12 to 100 percent for the 29 varieties 
studied in 1930, and from 22 to 100 percent for the 37 varieties studied 
in 1931. 

Previous infec tioii of nursery apple trees apparently did not prevent 
subsequent infection. 
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The hairy-root organism appeared to begin its relations with the 
host tissues in the liquid released by the wounds. 

The bacteria appeared to be located in the intercellular spaces in 
both Paris daisy and apple stems. 

The presence of the organisms between the cells of the tissues bor- 
dering the wounds stimulated a multiplication of the cells in those 
localities^ which resulted in the formation of somewhat circular areas 
of hyperplasia. 

The development of infections without wounds has not been 
observed on apple trees. 

The bacteria were isolated from the siudace and subsurface par- 
enchymatous tissues of the enlargements. 

The bacteria were found to be abundant on the surface of the hairy- 
root enlargements. 

The bacteria were found often in the soil near the hairy-root 
formations. 

The bacteria overwintered in soil kept either in the field or with 
nursery stock in the storage cellar. The longevity of the bacteria 
in field soil which had been steamed or left untreated has been found 
to exceed 1 year. 

The bacteria may be spread long distances by shipments of nursery 
stock. The seedling root was found to be one medium of transmission 
of the causal organism from one crop to the next. 
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SEASONAL DEVELOPMENT OP HAIRY ROOT, CROWN 
GALL, AND WOUND OVERGROWTH ON APPLE TREES 
IN THE NURSERY! 

By A. J. Hiker, agents Division of Fruit and Vegetable Crops and Diseases ^ Bureau 
of Plant Industry, United States Department of Agriculture, and professor of plant 
pathology, University of Wisco7isin, and E. M. Hildebrand, formerly nferd, 
Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

The seasonal development of hairy root, caused by Phytornonas 
rhizogenes Kiker et ah, crown gall, caused by Phytornonas tumejaciens 
(Smith and Town.) Bergey et ah (synonym, Bactermm tum^aciens 
Smith and Town.), and wmund overgrowths on apple trees in the 
nursery has been studied in relation to certain factors that might 
influence the initiation, development, and control of these diseases. 
This work was undertaken as a part of the program on the complex 
graft-knot problem. After the differentiation of these various dis- 
eases from one another, a successful effort was made by the senior 
writer and his associates (<S, lOY to induce them at will under con- 
trolled conditions, A study was then made by Hildebrand (4) of the 
life history of the hairy-root organism in relation to pathogenesis, 
wdth special emphasis on the mechanism of infection. In connection 
with these lines of work, it appeared desirable to know at what times 
these overgrowths on nursery apple trees were initiated, under w’^hat 
conditions they developed, and the relative importance of the infec- 
tions periods. 

This study was made in eastern Kansas near the center of the 
region where piece-root apple grafts are planted in large numbers, 
where apple seedlings are grown, and where hairy root has occurred 
with a frequency satisfactory for detailed study. Control measures 
which had proved adequate in other places often either failed or were 
only moderately successful in this locality. This fact emphasized 
the value of the location for studying one of the most difficult phases 
of control; consequently the aiiatyses presented are of a severe rather 
than an average situation. The observations and experiments car- 
ried out in considerable detail in eastern Kansas were correlated with 
findings in other nurseries. At least once every fall the results were 
compared with those secured in Iowa, Minnesota, Missouri, Ne- 
braska, Kansas, Oklahoina, and Wisconsin. 

A preliminary statement of some of the earlier phases of this )work 
has already appeared (jf I). 

1 Received for publication Oct. SO, 1933; issued July 1934. The investigations reported in this paper 
were conducted as part of a cooperative project of the Bureau of Plant Industry, IT.S. Department of 
Agriculture, and the University of Wisconsin. This work was supported in part by a grant from the 
special research fund of the University of Wisconsin. 

2 The writers are iiKiebted to Dr. Sarah D. Doubt, Department of Botany, Washburn College, for lab- 
oratory facilities, and to Eugene H. Herrling, Department of Plant Pathology, University of Wisconsin, 
for preparing the illustrations. 

s Reference is made by number (italic) to Diterature Cited, p. 912. 
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EXPERIMENTAL PROCEDURE 

Tlie procedure followed in these studies is an adaptation of that 
described by Keitt and Jones (5). The methods used were selected 
in consultation with Dr. Keitt. 

ENVIRONMENT 

The histories of the fields employed varied somewhat. ^ The field 
ill which experimental grafts were planted in 1929 had carried crops of 
potatoes in 1926, 1927, and 1928. The field in which experimental 
grafts were planted in 1930 had previously grown three successive 
crops of corn. The field which was used for experimental grafts in 
1931 had grown corn in 1928 and 1929 and apple seedlings in 1930. 

The soil reaction was tested from time to time in the three fields in 
which experimental grafts were planted. The reaction was approxi- 
mately pH 5.0 in airthe fields. The different tests showed compara- 
tively little variation. 

Air temperatures were recorded by a thermograph housed 4 feet 
above the ground in an instrument shelter located among the first- 
3^ear experimental trees. 

The relative humidity of the air was recorded by a hygrograph 
coiTected by the use of a sling psych rometer (U.S. Weather Bureau 
pattern) and. Marvin’s (6) psychrometric tables. 

Soil temperature at the level of the graft union, between 4 and 5 
inches beneath the soil surface, was recorded with a soil thermograph. 
All the instruments were checked daily. 

Soil-moisture samples were taken daily from about 4 inches below 
the surface. The water in the soil was measured in terms of the 
moisture-holding capacity. With a technic like that used by Riker 
(7), the moisture-holding capacity of the soil in each of the three 
experimental fields was found to be approximately 38 percent of the 
oven-diy weight. The amount of water in the daily samples was 
measured by Bouyoucos’ (S) rapid method and calculated in terms 
of the moisture-holding capacity. 

The rainfall for each 24-hour period was measured with a rain gage 
having a 3-incli cup. 

HOST DEVELOPMENT 

The plant used for all of these studies was the Yellow Transparent 
variety of apple. Since the diseases studied occur most frequently 
at the union, the experimental trees w'ere all grown from piece-root 
grafts made with Kansas seedlings. 

The factors of host development considered were the height of the 
tree and the diameter near the ground level. Measurements were 
taken at 2-week intervals on 300 first-season and 300 second-season 
trees. The same trees were used for successive measurements. The 
height in inches was measured from the original scion where growth 
began to the top of the main stem, ilfter the early stages of devel- 
opment had passed, the lower point corresponded rather closely with 
the soil level and was chosen to avoid variations in measurements 
due to changes in the soil level incident to cultivation. The diame- 
ters of the trees in sixteenths of an inch were measured with a nursery- 
man’s ealiper about 1 inyh above the point from which the new 
growth left the original scion. This location on the stem was chosen 
because it was easy to find, was usually just above the ground level, 
and was generally the place where the stem had the greatest diameter. 
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STIMULATION OF OVERGROWTHS 

Nonparasi tic overgrowths were induced in two wajs. In some 
cases aluminum-alloy wire was wrapped twice about the scion a short 
distance above the union. In other cases a cut about half-way 
through the scion was made with an upward pull of the knife so that a 
wedgelike projection of tissue extended dowm. Direct healing wb.s 
prevented by inserting a strip of adhesive tape in the cut. This cut 
produced a result similar to that often found in a poorly fitted graft. 

The parasitic overgrowths were induced by inoculations with pure 
cultures of the causal bacteria. Crown gall w^as induced with culture 
A-1 of Phytomonas iumefaciens, which w^as grown from an individual 
cell. Hairy root was induced with culture C-1 of P. rhizogenes. 
This culture was also grown from a single cell. An accoimt of the 
purification of these cultures and of their bacteriological characters 
has already appeared (f^)* 

Inoculations at grafting time were made by smearing the cut sur- 
faces of the scions and roots wdth a suspension of bacteria before these 
parts of the graft were fitted together and the union was wrapped. 

The experimental blocks of trees consisted of a series of parallel 
rowsj each row^ of which was used for the study of a certain factor, as 
explained later. Thus on a given day 10 trees in the first rovr were 
inoculated with the crown-gall organism, 10 trees in the second row 
were inoculated with the hairy-root organism, 10 trees in the third 
row were inoculated with a mixture of the hairy-root and crown-gall 
organisms, 10 trees in the fourth row received control wounds, 10 
trees in the fifth row" w"ere girdled with wire, and 10 trees in the sixth 
row were cut and taped to stimulate wound overgrowth. On succes- 
sive weeks during the season similar treatments for the production 
of the overgrow'ths were made on adjacent trees under comparable 
conditions. 

The method of inoculation during the growing season wuis as follow^s: 
A trench to the depth of the union was made in the soil about 3 inches 
awmy from the trees on one side of the nursery row’. The trench was 
opened this distance aw’ay to prevent injury to the main stems of the 
trees wiiile digging. The soil w’as removed from around the individual 
trees with a dibble and by hand. Any particles that remained on the 
main stem w"ere wiped awmy. Inoculum from a cultuTe of the 
bacteria w’as applied with a cotton sw"ab to the stem surface, usually 
in five places spaced about 1 inch apart. With a scalpel held at an 
angle, tw"o thrusts w^ere made through each of the drops of culture 
deep into the stem. Control wmunds w^ere made in a similar manner 
except that no bacteria w^ere employed. During the 1930 and 1931 
seasons strips of adhesive tape w^ere applied over both the inoculated 
and the control wounds to reduce chance contamination from the soil 
and to keep out insects. Promptly after inoculation the soil was 
thrown back into the trench so as to cover the topmost w"“ound by 
about 2 inches. 

DEVELOPMENT OF ARTIFICIALLY INDUCED OVERGROW"THS 

After the inoculations attention was given to the incubation periods 
necessary for the development of distinct symptoms. 

The incubation period for crown gall was determined by making 
inoculations at w^eekly intervals throughout the season wuth a single- 

68594— 34 3 
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cell culture, A-1 , of the crown-gall organism. In 1929 the first inociila- 
tioiis were made, as described . earlier, on Ma,y 15_ and the last on 
September 11. The corresponding -first and last inociilatioii dates 
for 1930 were Maw 12 .and September 8, respectively, and for 1931, 
May 11 and September 14. Because of the siniilarity in appearance 
of callus, crown g-all, and hairy root, especially in the early stages, the 
inociilations were not considered positive until the cro\vn galls had a 
radial extension of 4 mm. This is in accord with the criteria used by 
Eiker, Hildebrand, and Ivanoft* (10), The incubation time given in 
the charts (figs. 1,2, and 3) for any one period is the average time 
required for tlie positive reactions from 50 inoculations. Minimum 
and iiiaximiim times are recorded in figure 4. xipproximately 55 
pereent of the inoculations gave positive reactions.^ 

The development of crown gall after inoculation was noted at 
weekH intervals for the first 6 weeks, during the early disease stages, 
and at biweekly intervals thereafter. The number, character, and 
radial extension of the overgrowths were recorded at successive 
intervals during the season. 

The incubation period of hairy root was determined after making 
inoeiilations with a culture (C-1) grown from a single cell of the hairy- 
root organism. The methods and intervals of inoculation were the 
same as for crown gall. The incubation period for hairy root was 
recorded in two ways: (1) The time required for a radial extension of 
3 mm and for the appearance of root primordia is indicated on the 
charts by a small circle in the line indicating the incubation period, 
and (2) the time required for the development of roots 1 cm long is 
shown at the end of the incubation period. The incubation time 
given for any one period is the average time required for the positive 
reactions from 50 inoculations. The minimum and maximum times 
are recorded in figure 4, Approximately 70 percent of the inocula- 
tions gave positive results. 

Similar studies were made of the incubation periods and develop- 
ment of the reactions when mixtures of crown-gall and haiiy-root 
bacteria were used for the inoculum. 

The host reactions to iininoculated control wounds made in parallel 
series were examined as controls on the hairy-root and crown-gall 
series. The procedure was the same except that no bacteria were 
employed. 

The host reaetions to wire girdles and to knife cuts with tape inserts 
were followed in parallel series and at similar time intervals. 

The development of disease from inoculations with the hairy-root 
bacteria at grafting time of 300 string-wrapped and 300 tape-wrapped 
grafts was observed at monthly intervals during 1930 and 1931. 

NATURAL OCCURRENCE OF OVERGROWTHS 

The natural occurrence of hairy root w^as determined in 1929 
through biweekly examinations of the unions of 300 trees grown from 
string-wrapped grafts. In 1930 and 1931 monthly examinations were 
made of the unions on 1,200 tmes, including 300 first-year and 300 
second- 3 var trees grown from string-wrapped grafts, and 300 first- 
year and 300 second-year trees grown from tape-wrapped grafts. 
^Observations WCTe made at stated intervals by removing the soil 
from about the union the manner previously explained. If a tree 
was accidentally injured in the process, this fact was noted and data 
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were taken according^. At the end of the experiments comparisons 
were made between the percentages of overgrowths on trees examined 
at various intervals and on those left undisturbed. The variations 
ranged from 0 to 10 percent. Consequently, it appears that injuries 
incident to the periodic examinations introduced little if any error 
into the results secured. 

INSECT RELATIONS 

Insect surveys were made of the soil in which the experimental trees 
were growing. In 1929 the work wsls begun intensively on May 5 and 
carried on until July 12, when it was discontinued. Subsequently 
only insects that appeared in connection with the other work were 
collected and preserved. However, the survey was carried through 
the season in 1930 and 1931. At biweekly intervals three areas of 
soil 9 inches square and 6 inches deep were taken at random froni 
around three first-year trees. These samples were mixed and one 
third of the mixture was taken to the laboratory for examination. 
All insects observed while the larger sample was being divided were 
also taken. The soil was minutely gone over by spreading it on 
light brown paper. The insects present were collected and placed in 
vials containing 70-percent alcohol, for later identification.^ The 
observations in 1930 were begun May 29 and finished September 18. 
The first examination in 1931 was on May 11 and the last on Septem- 
ber 29. 

EXPERIMENTAL RESULTS 

The more significant aspects of the results obtained are considered 
under the following heads: (1) Seasonal variations, (2) incubation 
periods, (3) appearance of overgrowths at different stages of develop- 
ment, and (4) date of natural infection. The records are given in 
figures 1 to 5, inclusive. 

SEASONAL VARIATIONS 

Seasonal variations were large during the 3 years covered by these 
studies. These variations provided opportunities for observing the 
effect of seasonal changes both at different times in the same season 
and at corresponding dates in different seasons (figs. 1, 2, and 3). 
Since the details are recorded in the figures, only the grosser aspects 
are discussed here. 

The air temperatures during 1929 at Topeka, Kans., were generally 
below those of the average year in that locality. On the other hand, 
the air temperatures during the season of 1930 w^ere generally above 
normal, favorable growing temperatui'es extending into late October. 
xM though the season of 1931 was considerably warmer in June than 
the previous two seasons, it was about normal in July, below normal 
in August, and considerably above normal in September. 

The average air-humidity readings for the season of 1929 were 
much higher than those of the two subsequent seasons. During 1930 
the average air humidity was the lowest of the three seasons. But 
for the month of June the 1931 season had an average air humidity 
falling between those of the preceding two seasons. 

The soil temperatures at the level of the graft unions quite naturally 
followed the trends of the air temperatures. During the da}^ the soil 
temperatures lagged behind the air temperatures, but at night the 

Tfeejaentrficatlons were made by C. t. Fluke,- Jr., and E, M. Searls, of the University of 'WiscOEsm. 
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opposite relation occurred. As was expected, the ^ extremes of soil 
temperature were much closer together than those of air temperature. 

Soil-moisture data were closely correlated with those of soil tem- 
perature and rainfalL During 1929, because of the relatively low 
soil temperature and high average rainfall, the soil-moisture values 
were generally the highest of the three seasons. In 1930, because of 
relativel}^ high soil temperature and low average rainfall, the average 
soil humidity was the lowest. High soil temperature in June 1931 
was accompanied by low soil moisture, largely, perhaps, because of the 
extremely low rainfall during that month. In September, because of 
relatively high soil temperature and relatively heavy rainfall, the 
soil moisture ran a middle course. 

Rainfall was rather variable during the three seasons. It wms above 
normal in 1929 and below normal in 1930. In 1931 it was below 
normal in May and June and approximately normal the remainder 
of the season. 

The host development of nursery apple trees for the 1929 season, 
according to the local nurserymen, was the largest of any season over a 
period of 40 years, despite the fact that the trees went into dormancy 
earlier than in the two following seasons. The large growth was 
accomplished under conditions of higher soil moisture and somewhat 
lo\cer temperature than usually obtained. There was no slack period 
due to soil moisture or temperature conditions. The growth of the 
trees in 1930 suffered because of the drought and abnormally high 
temperatures in July and August. How^ever, considerable growth 
W’as made during September and October, which partially offset the 
less favorable period. In 1931 the less favorable period for host 
growth was in June, when abnormally high temperatures and low 
soil moistures prevailed. Because of a well-distributed rainfall 
throughout the remainder of the season the trees overcame much of 
the handicap of July and August and approached the large growth of 
the 1929 season. The high temperatures and normal moisture con- 
ditions of late fall enabled the first-year trees to make more than 
average g.rowTh, and the second-year trees to make the largest growth 
of the three seasons. The height and caliper measurements were 
closely correlated during the three seasons, with one exception. The 
early fall of 1929 caused the trees to stop growth in height in late 
September, but the growth in diameter continued into October. 
Records of the growth of the trees are given in figures 1,2, and 3. 

Insect surveys showed that a number of different kinds of root- 
chewing insects were present during the growing seasons of 1929, 
1930, and 1931. Since the larvae only wmre found in most instances, 
it vras not possible always to determine the species or even the genus. 
According to information received from C. L. Fluke, Jr., and E, M. 
Searls, of the XTniversity of Wisconsin, the insects considered most 
important from the standpoint of opening infection courts were the 
white grubs (Phyllophaga), wireworms (Elateridae), and fungus 
gnats (Mycetophilidae), White grubs and wireworms were con- 
tinually present, but were more abundant in June, early July, and 
September than in May and August. Fungus gnats were more com- 
nionly associated with crown gall and were less generally present than 
the white grubs or wireworms. From these studies it appears that 
\mrious insects capable of opening infection courts for crown-gall or 
hairy-root bacteria were present in varying abundance throughout 
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the growing seasons. The relation of insects to crown-gall infection 
on raspberries has been discussed by Banfield (1, 2). A similar 
relation to hairy-root infection on apple trees has been investigated by 
Hildebrand (4). 

INCUBATION PERIODS 

The time required for the development of excess callus and wound 
overgrowth following wire girdling or cuts was 2 weeks or more^ 
depending upon the rapidity of the growth of the plant. 

Crown-Gall Organism 

The incubation periods of the crown-gall organism were on an 
average much longer in the earlier and later parts of the season than 
in the middle. An inoculation was considered positive only when the 
gall had a radial extension of 4 mm after 3 weeks (fig. 8, F). The 
minimum and maximum periods are given in figure 4. Doubtless 
larger numbers would have produced more regular curves. Charts 
giving the average incubation periods (figs. C ^^^d 3) show what 
appears to be a rather close correlation between short incubation 
periods and warm weather. Only slight differences were noticed in 
the length of the incubation periods for corresponding wrecks in the 
different growing seasons. 

These incubation periods are concerned only with vigorously 
growing trees. Inoculations on trees which were making little or no 
growth did not induce disease until the trees began to develop. Inocu- 
lations on such trees were often negative, but reactions have sometimes 
appeared after normal incubation from the time growth began. 
Thus after inoculations made late in the season overgrowths might 
not appear until the following spring. The incubation peiuods on 
trees growing under favorable conditions had a definite maximum 
period after which no infection appeared and which seemed to 
be correlated with the rapidity in growth of the tree and with 
temperature. 

Hairy-Root Organism 

The incubation periods for the hairy-root organism were followed in 
the same way as for the crown-gall organism. The averages are 
shown in figures 1,2, and 3, and the minimum and maximum periods 
in figure 4. The average length of time necessary for development 
of roots 1 cm long ranged from approximately 3 weeks in the warm 
period of the growing season to 9 or more weeks in the cool periods 
at the beginning and end of the season. Two stages in the iiicubation 
period of hairy root were observed. The first stage, indicated by a 
circle on the charts (figs. 1 to 3), was reached when the average hairy- 
root enlargement had a lateral extension of approximately 3 mm 
and when root primordia w'ere beginning to show (fig. 6, A, after 
3 weeks). The second stage in the incubation period was reached 
when the hairy roots had a lateral extension of 1 cm (fig. 6, A, after 
5 weeks). As in the case of crown gall, only slight differences were 
noticed in the length of the corresponding hairy-root incubation 
periods in the different seasons. 

Experiments were conducted to determine when disease would 
develop from inociilations made at the time of grafting. These 
trials were made in 1930 and 1931 on both string-wrapped and tape- 
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wrapped grafts. Tlie results are recorded in figures 2, 3, and 5. 
The average time at wliicli hairy-root symptoms (i.e. roots at least 1 
cm long) developed in the string-wrapped grafts appeared to be the 
early part of July in both 1930 and 1931. The minimum was early in 







PuiCEE 4.— Progressive variations in the length of incubation periods following inoculations made, on the 
dates indicated, with crown-gall and hairy-root bacteria during the active growing seasons of 1929, 1930, 
and 1931. The characters of the overgrowths indicating a positive reaction are explained in the text: 
a, Crown gall, 1929; B, crown gall, 1930; C, crown gall, 1931; D, hairy root, 1929: S, hairy root, 1930; P, 
\hairy root, 1931. ' . „ 

June. The maximum was difficult to determine because of the occur- 
rence of natural infection, which complicated the results. Most of 
the grafts showed infection by early August. As judged from other 
inoculations, the maximum probably did not greatly exceed this. 
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Tiie occiirreiice of liairy-root symptoms, following inociila,tions at 
tiie time tlie tape-wrapped grafts were made, was studied in parallel 
series. In 1930 only 2 percent of the inoculated grafts had shown 
syniptonis by the middle of June. Hairy root was noted on 41 per- 
cent of the grafts on July 9, on 90 percent early in August, and on 97 
percent earl}" in September. In 1931 none of the'grafts showed 
symptoms wiieii examined early in June. Early in July, 54 percent 
showed hair}^ root; early in August there was 91 percent; and by 
the end of the season there was 99 percent. Like the string-wrapped 
grafts, the tape-wrapped grafts that were inoculated when made 
showed hairy-root symptoms early, during the season of long incuba- 
tion periods, whereas symptoms of hairy root resulting from natural 
infection appeared later, during the season of relatiyely short inciiba- 
tioii periods. The tape wrapping had little if any influence in pre- 
yenting infection wdien inoculations were made at grafting time. 
Little if any correlation was noted between the time of the occurrence 
of hairy root following inoculation at grafting and the time of the 
natural occurrence of the disease. 

The strength of the tape wrappers was found to diminish gradually, 
until the cloth broke under the slightest strain. Where the wrapping 
was oyerlapped the cloth lasted much longer. Frequently the tape 
wrappings had lost their strength by June, so that the liairy-root 
deyelopnients from inoculations easily came tlnough. Sooner or 
later the wrappings were cracked open by the growth of the trees. 
This process began in June and progressed with yarying rapidity, 
depending upon such factors as the moisture and temperature of tfie 
soil, the amount of overlapping of the wrapper, and the increase in 
diameter of the tree. It is clear that while the wrapper remained 
intact, the union was protected against root-chewing insects, 

APPEARANCE OF OVERGROWTHS AT DIFFERENT STAGES OF DEVELOPMENT 

Hairy root, crown gall, mixtures of these two, and callus or wound 
overgrowth were studied as they developed after inoculations or 
special treatments made at different times. The results of these 
extended studies conform in general with those obtained in limited 
trials by Riker et al. (9). Since a complete new series of tests was 
started each week during tliree active growing seasons, the volume of 
material available was large. Consequently the development of only 
one representative series for each type of overgrowth is considered 
here. 

The symptoms of the different enlargements in the various stages of 
development are illustrated in figures 6 to 8, The descriptions given 
are of typical symptoms that* followed the different treatments 
admimstered during the latter part of May. 

Hairy Root 

Hairy-root development is described first for one of the series made 
during: 1930. The cultures and methods of inoculation employed 
have already been given. The devHopment of the various symptoms 
was more rapid on the Yellow Transparent trees in Kansas than on 

Wealthy trees m Wisconsin (9). 

Aftei 1 week the scalpel cuts in wliich the inoculations were made 
showed practically no change from the control scalpel cuts. A slight 




.Figi 0 e:i. 6 ,~Hairy-ro 0 t symptoms after wormd'inoeiilatioEs, as tJiey appeared durme the first year on soloir 
■wood below, 'groimd: -4, A,fte.r i, 2, t, 4, S» and 6 weeks, respectively, from left to right; after 8 , 10, and 
12 weeks; C, after 16 and lb weeks; i), after 24 weeks. , 
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formation of wound tissue was apparent, especially about the exposed 
portions of cain.biiim. 

After 2 weeks the frosty calluslike tissue had so increased in size 
that it practically covered the injury. Small hemispherical frosty 
knobs of new tissue appeared sometimes to extend from the callus. 
No difference was noticed between the inoculated and control wounds. 
The lateral extension of the tissue was approximately 2mm. 

After 3 weeks the hairy-root tissue had grown until it had an a verage 
lateral extension of about 3mm. This was somewhat greater than 


Figure 7.~Hairy~root symptoms after wound inoculations, as they appeared during the second year on 
scion wood helow ground: A, In May. Many of the smaller roots were killed by frost.; B, In August. 
Certain of the roots appear much larger than others. C and D, In October. Wound-overgrowth tissue 
appears in conjunction with that of hairy root. 


the callus at the control wounds. At this time small, more or less 
round protuberances of tissue, root primordia, approximately 2 mm 
in diameter, made their appearance from the surface of the basal 
tissue. Often, but not always, these appeared to be further develop- 
rnents of the knobs mentioned earlier. This stage is indicated by 
circles in the arrows of the charts designating mcubation periods 
'|figs,.l, 2,' and 3')y , ' 
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Figure S.—Several types of overgrowths after various treatments, as they appeared during the first year 
on scion w'ood below ground: -4, Wounds like those used for inoculation, except that no bacteria were 
employed, after 1. 2, 3, 4, 5, and 6 weeks, respectively 4 from left to right; B, induced bv wire girdles, 
after 1, 2, 3, 4, 5, 6, and 8 weeks, respectively, from left to right, and after 10, 12, 14,' le, IS, and 
weeks; JO, induced by knife cuts, into which were inserted bits of adhesive tape, after 1, 2, 3, 4, 5, 6, 
and 8 weeks, respectively, from left to right, and iE) after 10, 12, 14, 16, IS, and 20 weeks; F, crown galls 
that followed wound inoculations as they appeared after 1. 2, 3, 4, 5, and 6 weeks, respectively, from left 
to right, and ((?) after 8, 10, and 12 weeks, 
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After, 4 weeks botli the basal tissue and the protuberances had 
enlarged until the ayerage lateral extension was approximately 4 mm. 
Some of the protuberances had,ta.ken on more de,fiiiitely the appear- 
ance of root priiiiordia. In exceptional cases small fleshy roots ixere 
starting. 

After 5 weeks the basal enlargements had increased a little and root 
piiniordia were quite common. Small fleshy roots were also more 
frequent. The root primordia and roots gave the surface a rough 
and iiTegular appearance, in contrast yith the relatively smooth 
surface of crown galls. Some of the small roots were over 1 cm long, 
indicating the final stage of the incubation period. 

After 6 weeks the number of fleshy roots was decidedly greater, 
and the older ones had reached a length of 2 cm. After this time the 
basal enlargements increased in size very slowly and some became 
more or less completel}^ covered by the root developments. 

After 8 weeks the flesh}” roots had increased considerably both in 
number and in length. Many had begun to branch, and a few small 
fibrous .roots were found. 

After longer periods during the first season following inoculation 
there was a progressive increase in the number and length of the 
hairy roots. Large masses of both fleshy and fibrous roots were very 
common at the end of the growing season. ^ The basal enlargements 
were ordinarily rather inconspicuous the first year and were well 
covered with root developments. 

The amount of moisture in the soil appeared to be an important 
factor in the development of the roots. Inoculations made above- 
ground or in the upper portions of the soil, where it frequently became 
dried out, showed little or no root development. Evidence was 
frequently found that roots had started but had been killed by subse- 
quent drying of the surface soil. 

The vigor of the trees likewise appeared to influence the deveiop- 
inent of the hairy-root symptoms. Grafts wliich had not become well 
established and had not produced new growth at least a foot liigh 
made little or no response to hairy-root inoculations. The relation 
between the size of tree and the incidence of hairy root at digging 

time has been more fully discussed by Hildebrand 4) ■ 

The period in the growing season when the inoculations were made 
likewise mfliienced the rapidity with winch the symptoms developed. 
The incubation periods for different stages of the disease were shorter 
during the summer than in the spring or fall. In some cases wiien 
moculations w^ere made in September, no symptoms w^ere observed 
until the following year. Although the time at winch they appeared 
varied considerably, the sequence of symptoms remained the saine. 

During later development after inoculation the hairy-root over- 
growths show^ed a soinew^hat different character (fig. 7). The roots 
that were actively growing when cold weather set in and the ground 
became frozen were killed. However, those that had reached sufli- 
cient maturity were able to withstand the winter and to continue 
their activity the second year. By June of the second year, certain of 
the lai^ger roots had grown considerably, both in length and diameter. 
Aiany small lateral roots appeared that w”ere more likely to be fibrous 
than fleshy. Howmver, fleshy roots from the basal tissue were quite 
common. 
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The basal enlargements likewise had changed somewhat in charac- 
ter. They had grown considerably and had taken on the rather 
characteristic deeply convoluted type of growth. These various 
convolutions were built up for several layers and not infrequently 
particles of soil were incorporated for some distance within the. tissue. 
This type of growth is illustrated in figure 7, 

By the middle and latter parts of the second season both the basal 
enlargements and the hairy roots had increased markedly .in size. 
In all the specimens examined the large lateral roots which developed 
as part of the hairy-root overgrowth seemed to have established 
definite connection with the main stem and to be functioning in a 
somewhat normal capacity. 

Nonparasitic tissue of the wound-overgrow'th type not infrequently 
appeared in association with the basal enlargements of the hairj^-root 
development. This seemed to occur in part as a reaction to the inter- 
ruption in the dowmw^ard flow of elaborated food in the stem. Ap- 
parentty the haiiy-root development had something of a wounding or 
girdling action upon the stem, which resulted in the formation of 
w^'ornid-overgrowth tissue (fig. 8) in combination with the hairy-root 
tissue. All different stages of combination betw'een wmind over- 
growih and hairy root seemed to occur. Doubtless in some cases 
the wound-overgrowih tissue occurred as a result of the girdling action 
of the hairy-root tissue, whereas in other cases formations which w^ere 
wound overgrowihs at the beginning became infected and hairy-root 
tissue subsequently developed. 

Crown Gall 

Studies of crown gall wnre made similar to those of hair^t root. 
After 2 weeks the reactions to inoculations wnre similar to those se- 
cured from the inoculations wdth the hairy-root organism. Frosty 
hemispherical knobs appeared similar to those of hairy root. How- 
ever, the knobs on crowm gall w^ere not observed to develop further. 
After 3 weeks the lateral extension of the crowm gall was about 1 mm 
greater than that of hairy root and the surface was lobed and compara- 
tively smooth. After 4 weeks the crown galls had increased consider- 
ably in size and often showed a lateral extension of 5 to 8 mm. No 
root primordia w^ere observed. 

After longer periods the basic characters of the crowm galls did not 
change, although the formations increased greatly in size as the weeks 
passed. No roots have been found growing directly from the crown- 
gall tissue and only infrequently from the main stems of the Yellow 
Transparent apples near the gall tissue. The sequence of develop- 
ment of the crowm galls is showm in figure 8, F, Q. The influence of 
temperature and moisture on the development of crown galL under 
controlled conditions has been reported by Riker (7). 

Mixtures of Crown Gall and Hairt Root 

Parallel inoculations wmre made with mixtures of the crowm-gall 
and hairy-root bacteria. The resulting overgrowths developed along 
the lines previously mentioned for crown gall and hairy root and 
showed all gradations between those twm types of formations. The 
time of the growing season seemed to exert some influence in deter- 
mining which type of development would appear fii'st and predomi- 
nate. The ascendancy of the haiiy-root organism was greatest com- 
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paratiTely early or late in the gromng season, when the temperature 
was somewhat low. On the other hand, in approximately themiiddle 
of the growing season, when the temperature \¥as somewhat high, the 
crown-gall organism appeared to have the advantage. 

Wound and Callus Overgrowths 

The control wounds that were made in conjunction with the in- 
oculations for crown gall and hairy root produced only slight reac- 
tions. For the first 2 Aveeks there was practically no difference be- 
tween the control injuries and those inoculated with the two organ- 
isms (fig. 8). However, after 3 weeks the callus forniations which 
appeared began to decrease in size as the process of healing progressed ; 
by the fourth week the soft outer tissue had begun to slough off’ ; after 
5 or 6 weeks the characteristic wound tissue had formed and the de- 
A-'clopment of these wound reactions ceased. Natural infection of 
the control wounds was rare. 

Parallel studies were made upon wound overgrowths induced by 
girdling with wire. As already stated, aluminum-alloy wire was 
wrapped twice around the stem and then fastened in order to deter- 
mine what the reaction of the host plant would be to this interrup- 
tion ill the downward passage of elaborated food. After 1 week there 
was practically no change, but after 2 weeks the wire wrapping was 
very tight about the bark (fig. 8, B, C). After 3 weeks it seemed to 
be cutting into the bark tissue. After 4 weeks a swelling appeared 
above the wire that in some cases was sufficient almost to hide it from 
view. After 5 weeks this wound tissue had increased to a lateral ex- 
tension of 2 to 4 mm and the wire was almost completely hidden. 
After 6 weeks the growth had increased in size and after 8 weeks it had 
a lateral extension of approximately 7 mm around most of the stem. 
These nonparasitic overgrowth developments so increased in size as 
the season progressed that at the end of the grovdng season their diam- 
eter was several times that of the main stem. The surface of this 
tissue had more or less broad undulations very different from the com- 
paratively smooth lobes of the crovm-gall tissue or the deep convolu- 
tions of the hairy-root tissue. There was a definite cortex. This type 
of tissue resembled more closely the tissue of hairy root than that of 
crown gall. As already stated, complete intergradations were found 
between the surface characters of this type of development and those 
of hairy root. 

Similar wound overgrowths developed after certain knife injuries 
made on the underground parts of apple stems, about an inch above 
the imioii, by an upward cut through one third to one half of the diam- 
eter of the stem. A small piece of adhesive tape was inserted under 
the tissue thus cut in order to prevent its direct healing and to simu- 
late conditions at the lower ends of scions that failed at the tips to 
make union TO the roots. Trees without the tape barriers in the 
cut usually healed normally in a few weeks without the development 
of excessive callus. In trees having tape barriers, a small callus had 
formed on the lowrer tip of the cut tissue after 1 week (fig. 8 , Z>) . Within 
2 wreaks the callus had grown considerably and after 3 w^eeks it had 

lateral extension of several millimeters. The increase in size con- 
tinued until characters^ of wound overgrowth appeared similar to 
those induced by wure girdles. At the end of the season overgrowths 
of this type had a lateral extension from 1 to 3 times greater than the 
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diameter of the main stem and showed the characters of wound over- 
growth as alread}" described. 

These studies on various overgrowths of known origin were very 
helpful in the diagnoses of" overgrowths that developed under natural, 
conditions. 

DATE OP NATURAL INFECTION 

The natural occurrence of the various overgrowths in this graft- 
knot complex w^as recorded at stated intervals throughout three grow- 
ing seasons. No natural occurrence of crown gall was found among 
the trees under observation. In other plantings in this localit}^ where 
a large number of trees were observed, approximately 0.1 percent of 
the trees were affected with crown gall. The early stages of excess 
callus or wound overgrowths appeared from time to time. Some of 
these were growm over as the trees developed (i£), and some, like the 
girdle or wound knots (fig. 8), continued to develop ; but in this par- 
ticular locality most of them sooner or later became infected by hairy- 
root bacteria, and their classification was changed to hair}^ root. 
Hildebrand (4) has recorded the activity of root-chewing insects in 
opening infection courts in such tissue. Since the location of this 
work was made largely on the basis of the severity of the hairy-root 
infection, this result was expected. 

The natural occuiTence of hairy root in 1929 on first-year apple 
trees grown from string-wrapped grafts was recorded at weekly inter- 
vals (fig. 1). Natural infection appeared slowh^ until the end of 
June, when 11 percent of the trees showed symptoms of disease. By 
the end of July practically no increase had occurred. However, by 
the end of August, 28 percent of the trees showed infection; and by the 
end of September, 38 percent. i\.fter this time, apparently correlated 
with lower temperature and perhaps cessation of growth by the host 
plant, there was comparatively little increase until the return of warm 
weather. During the second year (1930), on the same trees (fig. 2), 
there was a progressive increase up to 49 percent in November, when 
the trees were removed. 

In 1930 the natural occurrence of hairy root on first- 3 ’^ear trees 
(fig. 2) grown from string-wrapped grafts was quite similar to that 
in 1929. There was 4 percent infection early- in Juty, 13 percent early 
in August, and 27 percent early in September. There was relatively- 
little increase between that time and the middle of November, when 
there was 30 percent. During the following year (1931 ; fig, 3) on the 
same trees, that were second-year trees by this time, there was prac- 
tically no development until Jime. By early Jixty there was an 
increase to 37 percent, by early August to 42 percent, by early 
September to 48 percent, and by late October to 57 percent. 

In 1931 the natural occurrence of hairy root on first-year trees 
(fig. 3) grown from string-wrapped grafts was very similar to that of 
the previous year. Onty 3 percent appeared early in July. Early 
in August there was 14 percent; early in September, 26 percent; and 
late in October, 38 percent. 

Similar results were secured for tape-wrapped grafts (fig. 5). 
However, the appearance of symptoms was delayed somewhat by 
the tape wrapping. 

The natural occurrence of hairy root in 1930 on trees grovvn from 
tape-wrapped grafts was recorded as before. The first haiiy-root 
sy^mptoms appeared early in July, when 2 percent of the trees showed 
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hairy root. Early in August, 9^percent showed hairy root; early in 
September, 25 percent; and late in September, 30 percent. The next 
Tear (1931) the number of trees infected rose gradually to 50 percent. 

In i931 the natural occurrence of haiiy root on tape-wapped grafts 
began ^\T.th 6 percent early in August. Early in September there was 
18 percent, and late in October 21 percent. 

The date of natural occurrence of most of the loiots on tape- 
wrapped grafts appeared to be correlated ^rith that of knots on string- 
wrapped grafts. The date of natural occmTence of knots on both 
types of grafts seemed correlated wdth warm weather, active growth 
oi the nursery trees, short incubation periods, decreased protection of 
the unions by wrappers, and insect activity. 

The average date of natural occurrence of an infection appearing on 
any particular date may be determined by subtracting the number of 
days of the average incubation period from the date of aj^pearance. 
For example, to determine the average date of natural infection for 
new developments that appeared in first-season trees on September 3, 
1930, one observes (fig. 2) that the average incubation period ending 
September 1 began July 21. Therefore, the new infection showing 
September 3 came from infections taking place about July 21. 

The foregoing data indicate that in the plantings under observation 
most of the natural occurrence of hairy root was not the result of 
infection induced at grafting time, but was due to certain factors that 
began to function usually in June after the grafts were planted. 

DISCUSSION 

The evidence presented in the preceding pages has a definite bearing 
upon the consideration of control measures. The studies were made 
in a place where infectious hairy root was prevalent and consequently 
deal with severe rather than with average conditions. Since nearly 
all the bacterial overgrowths on the underground parts of nursery 
apple trees occur at the imion, it has been commonly considered that 
infection takes place approximately at the time the grafts are made. 
Various antiseptics are therefore applied to the seedlings and to the 
grafts. Such treatments by the writers have been relatively unsuc- 
cessful in this region. Wrappers of adhesive tape have Been less 
efficient for control here than in most places. Apparently, therefore, 
the chances of developing control methods would be enhanced by 
determining the time and the conditions under which natural infection 
takes place. 

From the data presented in figures 1 to 5, only a small part of the 
hairy-root infection naturally occurring appeared to be initiated at 
grafting time. However, this small part may be important as a 
potential source of inoculum for subsequent infections. 

The date of natural infection for most of the hairy root was appar- 
ently correlated with the occurrence of warm weather, rapid growth 
of the trees, activity of soil insects, relatively short incubation periods, 
and reduced protection from the wrappers employed. For first-year 
trees this date^ was during the middle and latter part of the growing 
season. New infections continued to occur during the second growing 
season. In other regions, where the trees stood longer in the nursery 
row and where hairy root was serious, new infections appeared in the 
third and fourth seasons (I^). 
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The possibility of very long incubation periods perhaps needs further 
consideration. Eelatively dormant trees have been found to carry 
the liairy-root bacteria for long periods and to show no syniptoiiis until 
active growth was resinned. The problem to be considerect is whether 
small amounts of inoculum at grafting time might remain dormant 
long enough to account for the occurrence of hairy root late in the first 
season and perhaps in the second, third, and fourth season. Although 
this possibility cannot be easily disproved, the following lines of 
evidence show that if such a condition occurs it is very iiniisiial: ( 1 ) 
Siegler and Piper (IB) have reported that bacteria inoculated into 
aerial parts of trees could be reisolated rarely if at all after 65 days; 
(2) most of the inoculations made at grafting time have yielded results 
within ordinary incubation periods and the few infections that ap- 
peared later were probably caused by natural infection rather than 
by the inoculations; (3) the studies on incubation periods showed 
definite maxiiiia beyond which no symptoms appeared; (4) dormant 
trees that harbored the bacteria after inoculation in the fall showed 
symptoms promptly, if at all, when active growth w^as resinned; (5) 
the phenomena observed are easily explained by other well-defined 
factors. It appears, therefore, that the evidence at present available 
does not justif 3 ^ consideration of common incubation periods as con- 
tinuing long enough after the date of grafting to account for the date 
on which the greatest part of the natural infection appeared. 

Another phase of the complex haiiy-root problem which has been at 
least parity explained is the failure in this locality of the waiters’ 
antiseptic treatments and the lower efl5.ciency of adhesive-tape wrap- 
pers. Since root-chewfing insects seem implicated during the growing 
season as important factors in opening infection courts, doubtless 
tlie present control measures against graft knots be supplemented 
b}" others that take into account the new% determined date of the 
natural occurrence of infection. 

SUMMARY 

The seasonal development of crown gall, hah}^ root, and wound 
overgrowth has been follow^ed thi'ough the growing seasons of 1929, 
1930, and 1931 in Kansas. Crowm gall and hairy root were induced 
by inoculation with single-cell cultures of the causal organisms. 
Wound overgrowth w^as induced by wire girdles and knife cuts. 
Successive stages in the development of aU these overgrowrtlis are 
described and illustrated. 

The following records were kept: Air temperature and humidity, 
soil temperature and moisture, rainfall, development in height and 
diameter of both first- and second-season nursery apple trees, incuba- 
tion periods of both the crowm-gall and the hairy-root bacteria, occur- 
rence of hairy root following inoculation and under natural condi- 
tions, and groups of insects prevalent in the soil. During this study 
different seasons have been relatively wet, dry, or intermediate. 

The incubation periods for crown gall and liair 3 r root have been 
relatively long in the spring and fall and relativety" short in the summer. 
They were apparenth^ correlated with temperature and with active 
growhh of the trees. 

Both crown gall and hair^' root developed after suitable incubation 
periods following inoculations made at grafting time. Adhesive tape 
wTappers delaj^ed the appearance of symptoms slightly but did not 
reduce the number of infections which appeared. 
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Mixtures of various overgrowths appeared, especially on the second- 

^■^ear trees. 

The evidence aA^ailable points to soil insects, ineliiding white grubs, 
wire worms, and fungus gnats, as important agents in opening infection 
courts for bacteria during the growing season. 

Although a small amount of the natural occurrence of hairy root 
was traced to infection at the time of grafting and was doubtless 
important as a source of inoculum, most of it seemed to follow natural 
infection during the middle and latter part of the first growing season 
and during the second growing season. Much of the natural infection 
appeared to be correlated with warm weather, active growth of the 
nursery trees, short incubation periods, decreased protection of the 
imioiis by wrappers, and insect activity. 
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HAIRY ROOT, CROWNIGALL, AND OTHER MALFORMA- 
TIONS , AT -,THE . UNIONS OF PIECE-ROOT-GRAFTED 
APPLE TREES AND^THEIR CONTROL ^ 

Bv A. J. Riker, formerly agents Divisum of Fruit and Vegetable fjrops and 
Diseases, Bureau^ of Pkmi Industry., United States Department of Agriculture, 
and professor of plant pathology, Unimredty of Wisconsin: G. W. Iveitt, professeyr 
of plant pathology, Unirersity of Wisconsin; and E. M. Hildebrand and W, M. 
Banfield, formerly agents, Division of Fruit and Vegetable Crops and Diseases, 
Burea u of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The control of hairy root {Phytomonas rkizogenes Riker et aL), 
crown gall (P. tunicfadens (Smith and Town.) Bergey et aL), wound 
overgrowth, and perhaps other enlargements that occur at the unions 
between scion and root on nursery apple trees grown from piece-root 
grafts has been attempted in a number of different ways. These 
attempts have been stimulated by the fact that very commonly the 
susceptible varieties of nurseiy trees have shown these eiilargeineiits 
to a serious extent at digging time. In some extreme cases practically 
a whole planting has been lost. The prevalence of these diseases has 
been largely responsible for a change in the method of propagation 
followed by many of the nurserymen east of the Mississippi River. 
In this region apple trees are propagated commonly b}’' budding, 
a method which largely obviates the problem of enlargements at the 
union and which may give a better stand. However, this method of 
propagation is reported to be more expensive, to require labor dur- 
ing a very busy part of the growing season, and to provide nursery 
trees on seedling roots. These factors have caused many of the 
apple-tree growere in the Middle West to continue piece-root grafting 
despite the loss from these diseases. To find a means of reducing the 
loss has been the object of the present studies. Several preliminary 
accounts on certain phases of this work have already appeared (i?J, 
£5, 28, 32, 33).- 

ECONOMIC IMPORTANCE 

The actual harm done to the nursery apple trees by enlargements 
at the union has been discussed by several writers, including Stewart 
(45) and Jakovlev (IS). However, much of the work reported on 
the injury caused by graft knots ^ is open to question because of the 
inadequate diagnosis of the malformations studied. As discussed later, 
the several dlfierent kinds of graft knots that occur doubtless produce 
various effects upon the trees. More evidence is needed on this 
question of injiiiy. Since the differentiation of certain kinds of 
graft knots has been accomplished {18, 19, 26, 27) the influence of 
hairy root on the growth of the trees has received some attention. 
Comparatively little evidence, beyond that already noted by Riker 

1 Received for publication Oct. 24, 11^; issued'. July, .1934, Cooperative investigations of the Division 

of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, U.S. Department of Agriculture, 
and the University of Wisconsin. .Some support for this worh was received from the Crop Protection 
Institute. .... ' 
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3 A generalterm for any overgrowths at the union. ' 
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and Keitt \31}, has been secured as yet by the present writers on the 
iiiiiiieiice of ciowii g*all and wound ovei’gTOwth of known identity on 
the growtli of nursery trees. . ^ 

Some data oii the effect of hairy-root infection on taie growth oi 
iinrsen- apple trees were acciiniulated in 1929 and 1930 (;27). Second- 
season trees of the Yellow Transparent variety were employed. 
Smooth trees and corresponding hairy-root trees that had become 
iiatiirahy infected the previous season were chosen for measurements. 
On hi ay 17, 1929, the average height and diameter of 100 smooth 
trees were, respectiveh", 32.1 and 0.37 inches. Measurements were 
made of the same trees September 17, 1929. A few of the healthy 
trees had become infected during the season and were omitted trom 
the final results. The average height and diameter of the smooth 
trees were, respectively, 51.8 and 0.59 inches; those of the hairy-root 
trees were 49.2 and 0.56 inches. These averages show a slight 
advantage in growth during the season, of 2.6 inches in height and 
0.03 of an inch in diameter, in favor of the smooth trees. Kepetitions 
o£ these trials during the season of 1930 also showed a slight advantage, 
5.1 inches in height and 0.08 of an inch in diameter, in favor of the 
smooth trees. These results are in general accord with those of 
various writers, including Fracker ( 6 ), Swingle and Morris ( 47 ), 
and Mimcie (ik): the last-named reported a reduction in water-flow 
through woody knots. However, the data presented in the present 
paper are so limited and the variations among corresponding trees so 
great that the differences found seem to have little if any significance. 
These data, however, raise the question whether the hairy root may 
perhaps be slightly detrimental to the tree. 

In an effort to discover whether the hairy roots were able to function 
as ordinary roots, a ratlier severe test was made. On klay 17, 1929, 
100 liairj^-root trees that had become infected following inoculation 
the previous season were treated. The soil was removed so as to 
expose the main stem of the tree with as little disturbance as possible 
to the iiairy-root development. The stem was then cut off from the 
main root system just below the hairy-root development, and the 
soil was replaced. Ninety-five of the trees thus treated lived through- 
out the season. By September 17, 1929, they had increased, on an 
average, 4.5 inches in height and 0.05 of an inch in diameter. Similar 
trials with like numbers of artificially infected trees in 1930 showed 
almost identical results, only 5 percent of the trees dying. From 
May 20^ to September 20, 1930, the trees increased, on an average, 6.6 
inches in height and 0.12 of an inch in diameter. Smooth trees 
received similar cuts in corresponding positions. This left them with 
no roots at all, and of course they died promptly. The fact that the 
trees supported only by hairy-root developments were able to live 
shows that these roots have certain functional capacities. 

The experiments described in the two pi^eceding paragraphs were 
made on trees that were grown under comparable conditions in adja- 
cent rows in the nursery. It appears, therefore, that trees which were 
deprived of all roots except the hairy roots made much less growth 
than untreated smooth trees or trees that had both natural and hairy 
roots.' ■ 

In limited trials following pure-culture inoculations Riker and 
Keitt (31) have found crovm gall distinctly detrimental to small 
nursery apple trees. 
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V^^iatever may be the actual influence on the apple trees of the 
various enlargements at the union, it does not lessen the scope of the 
problem of control. The problem of these enlargements of trees 
grown from piece-root apple grafts becomes one of prevention. 

These malformations vary considerably not onl}^ in their external 
characters but also in their internal structure. 

CAUSES AND DESCRIPTIONS OF OVERGROWTHS 

Several different kinds of overgrowths occur on nursery apple trees 
grown from piece-root grafts. Perhaps the most important are: 

(1) Infectious hair^^ root, caused by Phytomonas rhizogenes (27); 

(2) crown gall caused by P. tumejaciens (lOj 4^); and (3) callus or 
wound overgrowth, which is nonparasitic (18, 19, SO, SI). An 
understanding of the nature of these formations is obviously desirable 
in making a satisfactory approach to the problem of their control. 

Hairy root is the most common enlargement found in some nurs- 
eries. It consists usually of a mass -of fleshy or fibrous roots that 
spring from more or less conspicuous enlargements on the main stem. 
These enlargements seem to have their origin at the union or at some 
other point of injury through wliich the bacteria may have gained 
entrance. The enlargement at the base of the root formation is 
usually quite hard, owing to irregular masses of woody elements 
which seem to be directly connected with the vascular system of the 
main stem. Hairy-root enlargements have been described by various 
writers, including Hedgcock (10), who called them woolly knots to 
distinguish them from other overgrowths, and recently they have been 
described in relation to Phytomonas rhizogenes by Kiker et ah (27). 
These parasitic hairy-root developments should not be confused with 
otlier hairy-root formations which apparently are nonparasitic 
(18,24,31). 

Crown gall occurs as a result of infection by Phytomonas tumejaciens. 
The causal bacteria may supposedly gain entrance to the tissue at 
the time the graft is made, or through wounds produced at some later 
period (18, sl, S8, 4^)- The galls proper on apple are comparatively 
smooth and as a rule do not have roots growing directly from the 
surface, although roots frequently grow from the main stem around 
the edge of the gall. Ordinarily the surface of these galls is not 
covered with a true bark but either with a layer of dead cells or with 
actively growing gall tissue. The interior is usually soft like cortical 
tissue but may contain hard woody elements. Galls of this descrip- 
tion render infected trees unsalable, but the small percentage of such 
galls on nursery apple trees in the Middle West makes them of little 
economic importance. A more complete description of these crown 
galls has been given by several wTiters, including Smith et al. (4^), 
Riker and Keitt (5f), and Muncie (18). 

Callus or wound-overgrowth development begins commonly on 
the cut surfaces of the scion and root after they have been fitted 
together and stored for some time in moist packing material. This 
formation of callus is of course necessary to establish a union between 
the scion and the root. However, a union may be imperfect because 
of a variety of influences, such as a poor fit in grafting, a scion larger 
than the root, loose wrapping, irregular callus development, and the 
formation of cork over the callus tissue (10, 18, 81, 3S). In many 
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the tlevelopiiieiit of callus may continue over a long period and 
liiav resiiit in an eiilargeinent of sufficient size to deform the tree. 
Eiilargeiiieiits of this character have been stimulated by girdling 
Toiinir trees with vdre or vdtli a. wrapper that failed to rot in a com- 
parativelv sliort time (^4, 29, 30). They are caused apparently by 
the blocking of the downward flow of elaborated food by the girdle 
and the activity of the tissue immediately above the point of restric- 
tion. Apparently a similar condition occurs where the union be- 
tween the scion and the root is relatively imperfect. As explained 
later, it has appeared from the cause of these malformations that 
they might be controlled, as pointed out by Hedgcock (10), if a better 
union between scion and root could be secured and the formation of 
excess callus prevented by carefully fitting the grafted parts and by 
using suitable wrapping. 

Alixtures of these different types of development occur with more or 
less frequency from time to time. Complete intergradations between 
tlieiii may be found in many nurseries. Likewise, inoculations with 
mixtures" of the crown-galf and hairy-root organisms have given 
complete intergradations of the crown-gall and hairy-root symptoms 
(24). Perhaps the most common mixture encountered in the average 
nursery is that of hairy-root and wound overgrowth. These occur 
either from the infection of wound overgrowths with hairy root or 
from the formation of overgrowths at hairy-root infections, doubtless 
in large part because of the same factors that induce overgrowths 
above meclianicai injuries or girdles. The relative frequency of 
different types of mixtures has been found to vary in different locali- 
ties. 

Altliough hairy root, crown gall, and wound overgrowths are 
apparently the more important types of graft knots, other kinds of 
overgrowths may occur with considerable frequency under certain 
conditions. Among these may be mentioned (1) burrknots, described 
by a number of writers, including Bii*mingham (1), Brown (2), 
Swingle (461,, Hatton et al. (9), Came (d), and Siegler and Piper ( 40 ), 
the last-named workers producing malformations niorphologically 
identical with theh apple strain of bacteria but failing to isolate these 
bacteria from naturally occurring burrknots; (2) incompatible unions, 
mentioned by Riker (&£) ; and (3) noninfectious hairy root described 
by Aluncie (i6'), Riker et al. (^7), and others, the cause of which still 
remains obscure. 

Since the relative prevalence of the different kinds of graft knots 
has a definite bearing upon the types of control measures that should 
be employed, their distribution in the nursery was examined. 

DISTEIBUTION OP OVERGROWTHS IN THE NURSERY 

Malformations, particiilarly at the unions, on trees grown from 
piece-root apple grafts appear to occur wherever apple trees are 
propagated by this method. There has been some confusion about 
the relative distribution of these malformations because of the diffi- 
culty of diagnosis. It is only within the last few years that the 
causal differences in haiiy root, crown gall, and callus developments 
have been noted. In the survey reported by Riker and Keitt {31) 
crown gall was separated from wound overgrowth and hairy root. 
However, for the most part these writers placed both wound over- 
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growths and hairy root in the same classification without distinction. 
Miincie and Suit {19) have reported the results of extensive surveys 
in which they found that infectious hahy root was of cottiparatively 
small consequence. In the light of other investigations {25 ^ 27, 37) 
where the cause and symptoms of infectious hairy root are more 
clearly defined, it appears that this disease is of great economic 
importance, especially under some conditions. 

The distribution in the nursery of the various malformations under 
consideration on the underground parts of nursery apple trees has 
been studied by the present writers in several different localities. 
Each tree in the nursery rovr was examined after being dug, and the 
relative positions of the smooth and the knotted trees were noted. 
If an overgrowth was found, its size, position, and character were 
recorded in detail. Two examples of very common types of occur- 
rence and distribution are given in figures 1 and 2. The actual field 
data have been so arranged that much about the condition of each 
tree might be indicated by two letters. A comparatively light 
incidence of overgrowths often shows the type of distribution illus- 
trated in figure 1. This record was taken in one long continuous 
row of which the trees recorded comprise only a small part. A 
common distribution showing a heavy incidence of overgrowths 
appears in figure 2. Results similar to those just cited (figs. 1 and 2) 
were secured in most of the studies on control reported later (tables 
1 to 5). The details of these records are omitted because of their 
large volume. 

These records, of which figures 1 and 2 are small and condensed 
examples, suggest that (1) if the hairy-root organism comes from the 
soil where the grafts are planted it is well distributed there; (2) if it 
comes in with the grafts it is also well distributed among the grafts; 
and (3) after the disease develops it may spread somewhat along the 
nursery row. The question of the source of hairy-root inoculum has 
received detailed consideration in other papers (if, 29), Crown gall 
was found only occasionally. In most of the studies reported in this 
paper it comprised less than 1 percent of the overgrowths. Excess 
callus or wound overgrowths occurred with relative frequency on the 
first-year trees; on second-year trees they were often either healed 
over or infected with hairy-root bacteria; on still older trees they 
frequently occurred in combination with hairy root. 

DISTRIBUTION OF OVERGROWTHS ON TREES 

Most of the overgrowths on the underground parts of the main 
stems of the trees occur at the union between scion and root, as 
shown in figures 1 and 2. Further records of 54 trials on trees grown 
from grafts wi*apped with string and of 54 corresponding trials on 
trees wrapped with adhesive tape are shown in table 1. These trials 
were made in Iowa, Kansas, Minnesota, Missouri, Nebraska, Okla- 
homa, and Wisconsin on 1- to 4-year-old trees of the following 
varieties: Bayfield, Black Ben, Delicious, Dudley, Early Harvest, 
Fameuse, Florence (crab), Gano, Golden Winesap, Goodhue, Jonathan, 
McIntosh, Northwestern Greening, Oldenburg, Perkins, Red Siberian 
(crab). Red Wing, Wealthy, Whitney (crab), Yellow Transparent, 
and York Imperial, 
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On nn, ovorase, less than 5 percent of the trees had overgrowths on 
tiif scions and less than 2 percent on the roots, whereas approximately 
2.' percent of the trees grown from commercial string-wrapped grafts, 
and from 7 to 14 percent of the tape-wrapped trees, had graft knots 
at the unions. There was considerable variation in individual trials. 
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FitirRE 1. -—Distribution of enlargements in one continuous row (reading from left to right) on 2-year-old 
Yellow Transparent apple trees propagated in Iowa from tongue grafts. The characters of the individual 
trees are summarized according to the following symbols: *, Smooth; G, large crown gall; H, large hairy 
root; ft, small hairy root; it', large callus or wound overgrowth; small callus or wound overgrowth; 
r, loc*ate<i on the scion; k, loctated on the union; s, located on the stock. 

From 0 to 18 percent of the trees had overgrowths on scions, from 
I) to 93 percent on unions, and from 0 to 7 percent on roots. These 
results confirm those of a number of earlier papers. However, the 
percentages of ovei'growths at the union in these trials were lower than 
those reported by several workers, including Doidge (4) and Muncie 
(IS). This difference is probably due to recent improvements in 
grafting technic and in cultural practices. 

Some difficulty was experienced in differentiating incipient hairy 
root from burrknots on the scions of such varieties as Bayfield and 
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Okabena, on wbicli burrknots occur frequently. Sucli burrknots 
have not been included in these records. Overgrowths were found 
from time to time on the lateral roots. In some cases they appeared 
to follow inechancial injury incident to cultivation, but more fre- 
quently they were in positions where only insects could have reached 
them. This subject is discussed more fully by Hildebrand (11). 
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Fjgitre 2.— Distribution of enlargements in one continuous row~(reading from left to right) on 2- year-old 
Wealthy apple trees propagated in Kansas from tongue grafts. The characters of the individual trees 
are summarized according to the symbols shown for figure 1. 


Table 1, — Relative f requency of occurrence of enlargements on various underground 
parts of rmrsery apple trees grown from piece-root grafts j 1929-21 


Year 

Trials 

Wrapper 

Trees 

examined 

Trees w’ith enlargements on— 

Scion 

ITiiion 

Stock 

1 QOti 

Number 
{ 18 

1 18 

/ 24 

1 24 

(■ 12 

1 12: 

String — 

Number \ 
8,469 
11,848 
8, 604 
8,760 
4, 132 
4,984 

Percent 

4.6 

3.0 
■'1.1 

.'■■■ •■ Llv 

3.2 

3.1 

Percent 
■ 24.8 

, 7..,2 
25.1 

, ■ ■ U. 2 ■: 

' 25.:0. 

13. 6 

Percent 

0.8 

1.1 

1.0 

:::t.8 

■■■ ',5 

1,3 

^ 

1Q‘3n 

Tape—-—..- 

string 

iyoU- — — 

! Tape— - — . 

^ String———.— — - 

1931 - 

i.'Tape— — ' 
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Journal of AgricuUural Eeseareh 
CONTROL OF OVERGROWTHS 

METHODS AND MATERIALS 

111 experiiiieiits for the control of the various overgrowths oii' the 
iiiiions of piece-root-grafted nursery apple trees, four factors have been 
considered: ( 1 ) The^kind of seedling employed, (2) the treatment of 
seedling: roots with various antiseptics, (3) the manner of nmkmg the 
graft, and ( 4 ) the material used for wrapping the gmft. As is pointed 
Out later in this paper and in more detail by Hildebrand (11) and 
Riker and Hildebrand (W), wounds produced by soil insects repre- 
sent another factor deserving special consideration. 

The practice of excision of overgrowths and subsequent antiseptic 
treatment is not considered in the present paper, because of previous 
impromising results. 

A considerable range of conditions was sought in making the 
different trials. For this reason tests were conducted in representa- 
tive nurseries in a number of States, namely, Iowa, Kansas, Minnesota, 
Missouri, Nebraska, Oklahoma, and Wisconsin. The complexity of 
the problem and the multiplicity of factors involved have hindered 
the rapid progress of the work and must be considered in the inter- 
pretation of the results secured. Various factors have operated alone 
or in combination in different nurseries during the same season and 
in the same numery in different seasons. Certain control measures 
successful in one place have failed completely in another. Conse- 
quently, corresponding variability has been introduced into repeti- 
tions of the trials, the more important trials having been repeated in 
several places in the same season and in the same place in different 
seasons. The trial grafts differed from the corresponding control 
grafts in only one particular. 

The varieties of trees employed differed in different localities. In 
general, varieties grown in comparatively large numbers and those 
reported to be susceptible to enlargements at the union were chosen 
for the tests, but some of the less popular and less susceptible varieties 
were used also. ' 

The age of the trees used differed in different localities. In the 
Nortliern States the trees stood 3 or 4 years in the nursery ; in the 
Southern States they were lifted after 1 Ar 2 growing seasons. In a 
number of cases trees grown only 1 season w^ere examined in order to 
secure a preliminary idea of the" efficiency of the methods being em- 
ployed. The examination was made by removing the soil" from 
around the tree until the union could be seen. Wlien this was done, 
special care was taken not to injure the trees, and after the examina- 
tion the soil was replaced. Because of the labor involved, especially 
during wet and cold weather, only a small number of trees were 
examined, usually 100 receiving the same treatment and 100 controls; 
in some cases only oO of each. These examinations were made at 
random in the larger plantings. 

Most of the records of the different trials were kept in considerable 
detail. The presence or absence of an overgrowth on the under- 
ground parts of each tree was noted. Records were kept of the loca- 
tion, relative size, probable cause, and character of tissue of all the 
enlargements and of the presence, number, character, and size of 
haiiw roots. However, in a number of cases only a summary of the 
condition at the union was recorded, especially when a representative 
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distribution had been secured for a variety in a given locality and 
when the numbers involved were large. 

Because of the great volume of the records only synopses of the 
data are represented here, except in one representative instance. 

RELATION OP TREES TO CONTROL FACTORS 

The age of the nursery apple trees has an important bearing upon 
the significance of the results secured. In accord with the results of 
Melhus and Maney (Id), the percentage of graft knots on 1-year-old 
trees was found to be of doubtful value in predicting the percentage 
on the same trees in later years, but is important in showing the 
efficiency of control measures applied at grafting time. A comparison 
of the results with 1 -year-old trees and the same trees when 2 years 
old shows that important factors continue to operate in the second 
season. 

Comparisons between the percentages of smooth unions on first- 
and second-season trees, some of which had been wrapped with tape 
and others with string, are shown in table 2. The 10 trials involved 
records of data on 14,435 trees. The observations on first-season 
trees were made by direct examination after the soil had been removed 
from the unions. The soil was then replaced. Because of the labor 
involved, a comparatively small number of trees in each lot (between 
50 and 100 taken at random tlirough the entire planting) were 
examined. 


Table 2.— Percentages of smooth unions on grafts of various plantings of nursery 
apple trees at different ages 


State 


Kansas 

Minnesota-.- 

lowa 

Nebraska, _,- 

Minnesota_-- 


Variety 

Amount of 
graft knot 

f Wealthy, -i 



___do 



1 — do ---1 

lOkabena j 

do 

-__do_.,,.. 

-—do 

Small 

Oldenburg 

do ' 

.--do---.-- 
do - 

Y ellow transparent- _ 

.Wealthy:, 

/,„.do 

do-_--,_ 

—do 

--do 

dO--- 

f B ay field 

.—do 

Great 

— do 

Wealthy 

-.--do,-, 

Okabena 

— do— -- 

.—do 

-—do - 

— do------ 

— do_- 


Smooth unions on trees wrapped with- 


Tape 

First 

sea- 

son 

Sec- 

ond 

sea- 

son 

Third 

sea- 

son 

Fourth 

seaon 

Pet. 

96 

Pet. 

77 

Pet. 

Pet. 

86 

67 



100 

94 



100 

58 



95 

99 



100 

98 



92 

94 



100 

97 



91 

96 



97 

90 



96 

81 


100 


94 


84 


49 

82 



36 

. 92 



59 

100 



67 

84 



44 

100 



42 


1 


String 


First 


Sec- 

ond 

sea- 

son 


Third! 

sea- 

son 


Pet. 

64 

34 

46 

16 

55 
68 

56 
84 
82 
84 
70 
92 
48 
58 
40 
46 
36 
16 


Pet 

37 

39 

48 

4 

74 

74 

79 

89 

88 

86 


Pet. 


Fourth 

season 


Pet. 


18 

29 

14 

34 

13 

8 


When^^^t^^^ graft knot was large, several results were 

noted which deserve comment. Infectious hairy root was the pre- 
dominant type of overgrowth. The trees wrapped with tape generally 
appeared to be protected during the first year against the several 
factors causing the development of graft knots, but this protection had 

'■■:,685:94-~-34— s'.' S: 
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little influence during the second year when the agencies producing 
graft knot continued to operate. The question as to just what these 
agencies were and the method hj which they acted has been discussed 
in more detail by Riker and Hildebrand (29). These writers have also 
reported that the possibility of long incubation periods for bacteria on 
actively growing trees under favorable conditions seems too remote to 
have much bearing upon this question. Siegler and Piper (40) have 
reported that causal bacteria could be isolated rarely if at all from 
aerial crown-gall inoculations after 65 days. 

When the amount of graft knot was relatively small it appeared that 
many of the unions wrapped with string which had shown wound over- 
growths or excess callus by the end of the first year became smooth by 
the end of the second year. This process had been noticed earlier by 
Melhus and Maney (16)^ with respect to poor unions. The time 
required for excess callus to become smooth depended upon the size 
of the callus, the vigor of the tree, and the absence of other knot- 
producing agencies. No cases were noted of recovery from infectious 
types of overgrowths. 

* Comparisons between the percentages of smooth unions on trees of 
different ages, e.g., on first- and third-season trees and on first- and 
fourth-season trees, gave similar results. A total of 8,906 trees was 
examined in these trials. 

These results have a definite bearing upon the interpretation of the 
various control studies. It appeared quite clear that the first season is 
not necessarily the most important for the development of graft knots; 
however, it may be the most important for interpreting the results of 
the control measures applied at grafting time. When the amount of 
graft knot was large and the graft knots were predominantly of the 
infectious hairy-root type, the first season was often less important 
than the seasons that followed. On the other hand, when the amount 
of graft knot was small and the graft knots were mostly of the wound- 
overgrowth type, there was often no material change from the first 
season. Except during an epidemic of hairy root, the percentages of 
smooth unions following string wrapping increased during the second 
season; however, they never reached the point where they exceeded 
the percentages of smooth unions following tape wrapping. No 
epidemics of crown gall were observed. Since control measures thus 
far have been applied almost entirely at grafting time and during the 
first season, these studies show that under certain conditions the 
methods used cannot be expected to yield fully satisfactory results. 
However, they can, perhaps, reduce the intensity of an epidemic by 
lowering the percentages of trees that provide inoculum for later years. 
Thus far there is no evidence to show that the crown-gall (31) and 
hairy-root (11) bacteria may gain entrance into the host tissue in any 
way except through wounds. Consequently, these studies point to 
the root-chewing insects in the soil and to injuries during cultivation 
as agents in the production of epidemics, certainly after the first season 
and probably during the first season. 

INFLUENCE OF SEEDLING STOCK USED 

To determine what influence the seedling stock might exert on the 
number of enlargements that develop from piece-root grafts, g2 trials 
vere made involving 31,000 grafts. Seedlings from France and from 
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the States of Colorq^^o, Kansas, Vermont, and Wasliington were 
compared. The trials were made during several years, in Iowa, Kansas, 
Missouri, Nebraska, and Oklahoma, with scions of the following 
varieties; Rome Beauty (dark red sport), Delicious, Golden Delicious, 
McIntosh, and Wealthy. The details of these studies are omitted 
because of their volume. 

In all but nine of the individual trials the percentage differences of 
smooth trees on grafts with different seedlings were relatively small. 
W'hen the percentage differences were 10 or more the values are listed 
as examples to show the variations. In these trials the percentage 
differences in smooth trees obtained from the use of different lots of 
seedling stock were 18, 32, 12, 35, 32, 12, 10, 11, and 11. The first 
five of these examples showed a predominance of infectious hairy root. 
In these cases it seems clear that in each trial one lot of the seedlings 
employed carried the hairy-root organism on the surface to a much 
greater extent than the other. Out of the 64 lots of seedlings employed 
in the 32 trials, 39 lots yielded over 80 percent of smooth trees when 
they were lifted. The relatively large percentage of smooth trees 
and the diversity in type of the enlargements that were found suggest 
that hairy-root bacteria on the surface of seedling roots was not a 
very serious factor in a majority of the cases studied. Although dif- 
ferent lots of seedlings showed considerable variability, no correlation 
in the amount of graft knot was found between one year and the next 
with the seedlings from one region or even from one nursery. But in 
several cases it was found that various shipments of seedlings from a 
particular nursery gave consistently unfavorable results in several 
different States in the same year. However, the next year the seed- 
lings from that same nursery were among the best employed. To 
summarize these results, it appears that, in accord with the results of 
Waite and Siegler { 49 ) and Siegler and Piper { 41 ) ^ circumstantial 
evidence was found indicating that the causal bacteria may be carried 
on the surface of certain lots of apple seedlings. It therefore seemed 
desirable to try isolations from the surfaces of suspected seedlings. 

Out of 19 attempts at isolation, positive results were secured in 15; 
repetitions of these trials gave similar results. The hairy-root 
bacteria were obtained from seedling apple roots in 24 out of 26 trials. 
The identity of the bacteria was determined by certain cultural 
characters and by successful inoculations into plants. 

Other factors besides the presence of hairy-root bacteria should be 
mentioned in considering the incidence of overgrowths in grafts made 
with.different lots of seedlings. The physiology of the seedling in 
relation to ripeness and to resistance is' well worthy of further study. 
Attention has been given by several writers (8, 11, S4y 4^) to the 
question of resistance of different varieties of fruit trees to crown gall 
and related diseases. It therefore seemed desirable to determine 
whether apple seed from different sources would produce seedlings that 
differed in resistance to graft knots. 

The exact source of the seed was not easy to determine. However, 
in a few instances the seed was followed from the variety of apple that 
produced it, and in three cases the seed was traced to individual trees. 
Twm experiments with seed from Hopa (crab) and Meader trees may 
be mentioned together. The special seed was planted in the same 
field with commercial seed, and the seedlings were used to make piece- 



924 


Journal oj Agricultural Research 


Vol. 48, no, 10 


root grafts with McIntosh scions. At the end of two growing seasons 
from the time the grafts were planted, data were recorded for 500 
trees: from each seed source. The trees grafted on seedlings grown 
from Hopa seed were 89 percent smooth; those from Header seed 
also were 89 percent smooth. Those from four corresponding lots of 
commercial seed were, respectively, 58, 56, 56, and 61 percent smooth. 
In a similar trial involving similar numbers, seed from Wealthy trees 
was employed to grow seedlings on which were grafted Jonathan 
scions. The trees grafted on seedlings grown from Wealthy seed were 
91 percent smooth. Those from three corresponding lots of commer- 
cial seed yielded, respectively, 74, 78, and 78 percent smooth trees. 
xMthough these results are too few to justif}^ conclusions, they are 
sufficiently striking to sho'w the desirability of further work in this 
direction.' Such work presents the difficulty, however, of differentiat- 
ing between the amount of true I'esistance and the amount of response 
to causal bacteria carried on the surface or within small injuries. 
Although these Hopa, Header, and Wealthy seedlings received the 
same treatment as the commercial seedlings, the possibility remains 
that they may merely have escaped surface contamination by the 
hairy-root bacteria. 


VALUE OF CERTAIN ANTISEPTICS 


The presence of the haiiy-root bacteria on the surfaces of certain 
lots of seedlings points to the possible value of antiseptic treatments for 
seedling roots. 

Certain antiseptics appear to have promise at times in preventing 
mfection when the grafts are made from seedlings carrying undesirable 
bacteria. Since Waiters work in 1909,^ antiseptics have been em- 
ployed with varying success by a number of workers (7, 10, 12, 15, 
16, SO, 31, 36, 44, 4^1 49, and 50). The present writers made trials 
with a considerable number of antiseptics in the hope of controlling 
the various overgrowths due to bacteria that gain entrance into the 
plant^ at grafting time. However, since it has been determined, as 
explained earlier, (1) that not all graft knots are due to bactexia, (2) 
that not all seedlings carry infectious bacteria in significant numbers, 
and (3) that a considerable percentage of the graft knots are caused 
by hairy-root bacteria that gain entrance to the tissue months after 
the union is established (11, 29), it is not surprising that the results 
of work with antiseptics have failed to be uniformly promising. 

A considerable number of substances were given laboratory, 
greenhouse, and field trials. The best of these were selected for 
more extensive trials. Thirty-five treatments, with corresponding 
eontrols, were made in the preparation of approximately 25,000 grafts 
in Iowa, Kansas, Minnesota, Missouri, Oklahoma, and Wisconsin 
with scions of the following varieties: Rome Beauty (dark red sport), 
Jonathan, Stayman Winesap, Wealthy, and Yellow Transparent. 
Since most of the antiseptics were not found to be satisfactory, 
mention is made of only three. 

Hydroxwmercurichlorophenol sulphate (Semesan) was used in 15 
trials, 'which are summarized in table 3. 


■ “ a^tiseptie (formaldehyde) solution 'as .a diplor, apple 

and sdons liefore grafting. Although this- :eariy work was unpublished . it , has , already, been noted 
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Table 3. — Effect of three antiseptics on occurrence of m.alformations at the unions 
of piece^root-^graf ted nursery apple trees 


Antiseptic 

Trials 

Age of 
trees 

Wrapper 

Total 
trees ex- 
amined 

Stand 

Trees showing indicated 
condition at union 

Smooth 

Small 

knot® 

Large 
knot ft 


Number 

Years 


Number 

Percent 

Percent 

Percent 

Percent 

Semesan _ 

10 

1-3 

String— 

2, 172 

52 

74 

8 

18 

Controls 

10 

1-3 

do 

2,666 

52 

70 

10 

20 

Semesan - 

5 

1-2 

Tape 

1,675 

66 

85 

1 

14 

Controls 

5 

1-2 

do 

2, 550 

63 

81 

1 

18 

Silver nitrate... 

6 

1-3 

String 

2,150 

67 

86 

4 

10 

Controls — 

6 

1-3 

do 

2,676 

53 

82 

6 

12 

Silver nitrate 

8 

1-3 

Tape 

4,098 

54 

95 

2 

3 

Controls 

8 

1-3 : 

do.__ 

4, 204 

66 

94 

1 

5 

Mercuric chloride. 

2 

2 

do i 

834 

64 

94 

1 

5 

Controls 

2 

2 

do- 

1, 792 

64 

80 

0 

20 


“ This class included all enlargements, regardless of cause, smaller in cross measurements than half the 
diameter of the tree. 

ft This class included all enlargements larger in cross measurements than half the diameter of the tree. 


In 10 of the trials the grafts were wrapped with string or cloth and 
treated in a 1:400 solution according to the directions of Waite and 
Siegler (49). In the 5 other trials only the seedlings were treated and 
the grafts were wrapped with adhesive tape. The control grafts 
received no treatment whatever. In one trial in Minnesota, after 1 
season of growth with a string wrapper, the treated grafts showed 68 
percent smooth, whei'eas the untreated grafts showed 42 percent 
smooth. In another trial, in Missouri, after 2 seasons of growth with 
a cloth wrapper, the treated grafts showed 56 percent smooth and the 
untreated grafts 88 percent smooth. The Minnesota trial showed a 
difference of 26 percent in favor of the treatment; whereas the Mis- 
souri trial showed a difference of 32 percent against the treatment — 
great and contradictory differences. However, in inost cases the 
differences were rather small and more of them were in favor of the 
treatment than against it. The averages given in table 3 show several 
percent in favor of the treatment. The average differences are con- 
sidered to be within the range of experimental error. The stand 
appeared not to be influenced by the treatment. These results appear 
in general accord with the following statement by Siegler (39): ^^We 
experimented with the use of Semesan which gave good results in 
earlier years but which recently has not proved so efficacious.’’ As 
explained earlier, the factors that operate to induce overgrowths in one 
place may be very different from those in another. The case in which 
32 percent more enlargements were induced in the treated grafts 
than in the controls was very puzzling. An explanation was sought in 
a laboratory study of this substance. 

The efficiency of the hydroxymercurichlorophenol sulphate was 
determined against the crown-gall organism with a modified Rideal- 
Walker technic as used by Keitt, Shaw, and Riker (i 4)* the ab- 

sence of any organic matter a dilution of 1 in 800 at 20° C. killed a 
measured concentration of a 48-hour-old washed culture of the bac- 
teria in 10 minutes, but not in 5 minutes. As was to be expected, the 
presence of a little soil extract or other organic material considerably 
reduced the efficiency of this antipptic. It seems likely that, under 
nursery conditions, enough soil might easily be present to counteract 
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the germicidal effect of the cliemicah Under such conditions it ap- 
pears probable that the treatment might spread rather than destroy 
any bacteria present. 

Silver nitrate, 1:1,000, gave rather poor results in the control of 
overgrowths. The seedling roots w ere dipped in this substance and 
heid for 2 minutes; no subsequent treatment was made. In 6 trials 
the grafts were wrapped with string and in 8 with tape. A summary of 
these trials is included in table 3. The differences between the per- 
centages of smooth trees resulting from the treated grafts and those 
resulting from the untreated grafts somewhat favor the treatment 
but are still within experimental error. Howmver, the injury from 
the silver nitrate produced a noticeable reduction in stand. 

The statistical method of Fisher (5) was applied to these data, in 
consultation with Dr. R. A. Brink, of the University of Wisconsin, in 
order to see wliether the treatments might be more effective than they 
appeared. The significance of the mean difference in relation to the 
standard deviation of the difference was calculated. For treatnients 
with hydroxymerciiriehloro phenol sulphate and with silver nitrate, 
the values of P were 0.7 and 0.6, respectively. These calculations, 
which are omitted because of their large volume, corroborate the 
conclusion derived from inspection that these treatments liad little 
if any effectiveness in general practice. 

Mercuric chloride, 1:1,000, in limited trials has given more promis- 
ing results than an.v other antiseptic employed. The average of two 
trials shown in table 3 indicates that if used in conjunction with tape 
wrappers it may be effective, especially if the seedlings carry infec- 
tious bacteria. Other trials now’ under way appear thus far to corrob- 
orate these results. 

Tested by the laboratory method described above, mercuric chloride 
show^ed considerably greater toxicity than Semesan, A‘ dilution of 1 
in 15,000 at 20"^ C. killed a measured concentration of a 48-hour-old 
ciiltiire of crowm-gall bacteria in 10 minutes, but not in 5 minutes. 
Fiirther work with antiseptics seems desirable. 

COMPARISON OF WELL-MATCHED TONGUE AND WEDGE GRAFTS 

The type of graft in relation to the prevention of various over- 
growths at the union of piece-root apple grafts was examined in a 
number of trials, Hedgeock (70) reported that poorly made grafts 
were more likely tlian well-made ones to produce callus enlargements 
and w'ere also likely to become infected. In addition, Riker and 
Keitt [31) showed that poorly made grafts imited only a part of the 
scion to the root and that a situation similar to a partial girdle re- 
sulted. Siegler (SS) suggested that the fit of the grafts has been 
overemphasized. Melluis et al, (17) found that better unions might 
be secured with wedge grafts. A number of different series of well- 
fitted tongue and w’-edge grafts^w^ere made. Various lots of these 
grafts were wrapped with adhesive tape; others were wnapped with 
string. Tiie results of these tests are presented in condensed form in 
table 4. 

These studies involved 72 different trials, with a total of 27,981 
tongue grafts and 21,759 wedge grafts. The results were obtained in 
1928 to 1931, inclusive. The experiments were made in Iowa, Kan- 
sas, Minnesota, Missouri, Oklahoma, and Wisconsin on the following 
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varieties: Bayfield, Rome Beauty (dark red sport), Delicious, Dudley, 
Early Harvest, Golden Delicious, Jonathan, Maiden Blush, Okabena, 
Oideiiburg, Red Wine, Wealthy, Whitney (crab), and Yellow Trans- 
parent. The examination of first-year trees, as already explained, 
was made by removing the soil from around the unions of trees taken 
at random and not by lifting the trees. The data on comparative 
lots of 1 -year-old trees were taken under one set of conditions, while 
those on 2 ~, 3-, and 4-year-old trees were taken under different condi- 
tions. Consequently, comparisons are possible between trees of the 
same age, but not between trees of different ages. 


Table 4. — Effect of tongue and wedge grafts on occw're?ice of nialformaiions at the 
unions of piece-root-grafted nursery apple trees 








Trees si 

lowing indicated 





Total 


condition at the union 


Trials 


Age of 

trees 

- 




Wrapper 

(Number) 


trees 

exam- 

blHIIQ 








ined 


Smooth 

Small 
knot « 

Large 
knot '' 




Years 

Number 

Percent 

Percent 

Percent 

Percent 


(14 

Tongue 

1 

1,893 

69 

96 

3 

1 


14 

Wedge 

1 

1,485 

58 

93 

4 

3 


13,..- 

Tongue 

2 

7, 716 

53 

92 

1 

7 


13 

Wedge 

2 

6, 265 

65 

92 

1 

7 




Tongue----- 

3 

3, 505 

71 

89 

0 

11 

Tape..-- 

7 

Wedge 

3 

3, 072 

55 

89 

0 

11 

\3 . 

Tongue 

4 

630 


48 

4 

48 


3 

Wedge------ 

4 

464 


51 

5 

44 


Summary: 
37 

Tongue 

1-4 1 

13, 744 

65 

89 

2 

9 


37- 

Wedge 

1-4 

11, 286 

60 

89 

2 

9 


/lO---. 

Tongue 


926 

65 

59 i 

17 

24 


10.-- - 

Wedge 

1 

850 

57 

62 i 

18 

20 


14 - 

Tongue 

2 ; 

8,459 

75 

74 ! 

4 ! 

22 


14 

Wedge 

2 

6, 681 

63 

75 i 

3 I 

22 


8 1 

Tongue 

3 

4, 249 

71 

73 

1 

26 

String 

,8--- ' 

Wedge 

3 

2, 449 

69 

72 1 

1 ^ 

27 

3 — - 

Tongue 

4 

603 

, 

24 

4 

72 


3 

Wedge 

4 

493 


15 

5 

80 


Summary: 
35- 

Tongue 

1-4 

14, 237 

70 

65 

7 

28 


35 

Wedge 

1-4 

10, 473 

61 

65 

1 7 

28 








I 



Summary: 








Tape and string 

72- — . 

Tongue 

1-4 

27, 981 

68 

78 

4 

18 



72 

Wedge 

1-4 

21, 750 

60 

78 

4 

IS 


« This class included all enlargements, regardless of cause, smaller in cross measurements than half the 
diameter of the tree. 

^ This class included all enlargements larger in cross measurements than half the diameter of the tree. 


Considerable variations in the percentage of overgrowths at the 
unions were found in both directions in the comparison of tongue and 
wedge grafts. These variations occurred whether the grafts were 
wrapped with string or tape. It appeared from these trials that there 
was no significant difference between tongue and wedge grafts in the 
i-eduction of overgro'wths at the union. These results are not neces- 
sarily opposed to those of Melhus et al. (i7), for apparently these 
writers were concerned primarily with callus developments, whereas 
the present writers considered all the various kinds of overgrowths 
discussed earlier. 

The reduced average stand of the wedge grafts wrapped with string 
as compared with that of tongue grafts seemed to have little signifi- 
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eance because of tlie great variations in the results and because these 
variations favored first one and then the other type of graft. Fisher's 
nietliod ( d ) was applied to the data on stands of tongue and wedge 
grafts at the end of the first season, to determine the significance of 
the mean difference in relation to the standard deviation of the 
difference. The value of P was 0.4, mdicating that the difference had 
little if any significance. ■ However, it should be noted that wedge 
grafts wrapped with string were more likely than tongue grafts to 
come apart before they were planted. Likewise, the wedge grafts 
had a greater tendeiicy to send up sprouts from the seedling roots, 
l^lieii the grafts were wrapped with tape, the possibility of their 
coining apart and of the roots sending up sprouts was reduced. 

EFFECT OF KIND OF WRAPPING USED 

For reducing the percentage of enlargements at the unions of piece- 
root-grafted nursery apple trees, the Idnd of wrapping used was the 
most important single factor studied. A considerable number of 
different kinds of wrapping were tried, including string, waxed string, 
cliemicall.y treated string, stiing covered with wax after wTapping, 
paper, raffia, chemically treated raffia, raffia covered with wax, cloth, 
waxecl cloth, and a number of kinds of adhesive tape. Hedgcock {10) 
found that, of the wTappers he tested, cloth was the best. In the 
present trials cloth was found to be better than any of the others 
except adhesive tape. Consequently detailed reports of the long 
series of trials in wliich wrappers other than adhesive tape wmre em- 
ployed have been omitted. However, certain determinations were 
made which deserve mention. It was found that by means of various 
treatments with different chemicals the string wrappers could be 
preserved for practically any length. of time during the growing season. 
It was also observed that under average conditions a string wrapper 
that remained longer than 12 weeks -was likely to produce girdling. 
The time necessary for decay of the wrapper varied considerably under 
different environmental conditions. When the ground was unusually 
moist the trees grew more rapidly and the wrapper decayed more 
quickly. Conversely, wdien the soil was comparatively dry the wrap- 
per lasted longer, but the trees did not grow so rapidly. The strength 
of the string decreased rather gradually as the season progressed. 
This diminution apparently depended on the ready access of soil 
organisms, for any protected portion of the string retained its strength 
much longer than the unprotected portions. 

The adhesive tape chiefly employed was essentially a cloth wrapping 
to which had been added a plaster mass. The adhesive- tape wrapper 
provided several valuable features, including (1) reasonable cost, (2) 
easy application, (3) firm wrapping, wdiich prevented injury to the 
union during subsequent manipulations and which facilitated handling, 
(4) a waterproof covering, which prevented the entrance of undesirable 
matenai, (o) a mechanical prevention against the development of 
excess callus on the surface of the union, and (6) a barrier for some 

months agamst insect, injury at' the union. 

Not all kinds of adhesive tape were satisfactory. A small number 
01 tnais With electrician's friction tape and wdth tape spread with 
suigeon s mass gave such unpromising results that they were dis- 
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continued. Certain other special tapes in which various chemicals 
were incorporated sometimes showed no advantage over ordinary 
tape. Some of these special tapes had serious disadvantages; a few 
of them considerably reduced the stands, and two samples that were 
tried prevented any of the grafts from growing. Several of these 
special tapes were comparatively slow to decay in the soil and for 
that reason might last long enough under some conditions to produce 
girdling. The adhesive tape ^ employed in these trials was rather 
similar to that used extensively by the medical profession, but with 
modifications in the interests of economy. 

The manner of application of the adhesive tape was found to be 
important both in relation to speed and to the results secured. Scions 
5 to 6 inches long and roots 3 to 4 inches long were used for the grafts, 
which were well made from good materials. The method of applying 
the adhesive tape was equally successful with either tongue or wedge- 
grafts. A roll of K-inch-wide adhesive tape was mounted on a roller 
at the side of the operator. The graft was turned in the hand and 
the tape was applied in a spiral wrap over every part of the union and 
overlapped the edge slightly. Only enough tape was used to make a 
water-tight covering over every part of the cut surface. The tape 
was so applied that no more than two thicknesses of material circled 
the graft at any one point. After a little practice it was possible to 
wrap 400 to 600 grafts in an hour. The amount of tape used varied 
with the size of the grafts, but on an average approximately 110 yards 
of tape one half inch wide wrapped 1,000 grafts. 

The tests with wrappers covered a wide range of conditions. Results 
are reported for the years from 1925 to 1931, inclusive. The unions 
of the first-year trees taken at random were examined by removing 
the soil to a suitable depth for inspection. Sometimes only 50 tape- 
wrapped and 50 string-wrapped trees were examined, but at other 
times there were 100, 250, or 300 in each lot. 

The results from the use of tape wrappers as compared with those 
from the use of commercial wrappers have been summarized for each 
trial (table 5) and have been grouped according to the age of the 
tree at the time the data were taken. As explained earlier, no com- 
parison should be made between the data on trees of different ages, 
for the trials are not comparable. 

Table 5 presents the results of 145 trials with adhesive tape wrap- 
pers with a corresponding set of controls. The trials with tape in- 
volved 55,326 trees, and the controls involved 55,105. This table 
shows no significant difference in stand because of the different wrap- 
pers. It shows variability in the amount of graft knot according to 
age of tree, variety, and the State in which the trees were grown. It 
also indicates a distinct increase in the percentage of smooth trees 
correlated with the use of adhesive tape. At the same time it em- 
phasizes the variation between individual trials and indicates that 
different factors operate in the same nursery in different seasons and 
in different nurseries in the same season. 

A summary of table 5 is given in table 6. 

6 Manufactured under the name “nurseryman’s tape.” 
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Table 5.—Eihrl of string « and adhesive-tape wrappers on occurrence of malfor- 
wiiiiom at the unions of piece-root-grafted apple trees of various ages 


FIRST-YEAR TREES 


Fnions showinir indicated condition on trees wrapped with— 




String 

Tape 

State 

A'ariety 

Total 

exam- 

ined 

Smooth 

Small 

knot 

Large 
knot c 

Total 

e>ami- 

ined 

STTlOOth 

Small 
knot h 

Large 
knot « 



Number 

Percerd 

Percent 

Percent 

Nnrnber 

Percent 

Percent 

Percent 


/Oldenburg 

50 

68 

16 

16 

50 

100 

0 

0 


do 

50 

ofi 

55 

34 

10 

50 

92 

8 

0 


iWeahiiT 

100 

14 

31 

lOO 

95 

3 

2 

low a 

L..-rto.: - 

100 

84 

10 

6 

100 

100 

0 

0 

do 

100 

69 

18 

13 

100 

99 

1 

0 


-....-'.do.. 

100 

84 

o 

14 

100 

97 

2 

1 


! ^'cdlow I’ransparent . - 

50 

84 

8 

8 

50 

100 

0 

0 


L ..do. 

50 

82 

12 

6 

50 

96 

2 

2 


f'Wealthv. 

50 

54 

26 

20 

50 

96 

2 

2 



■50 

50 

34 

36 

30 

36 

50 

86 

10 

4 


do..... - . 

16 

48 

50 

86 

10 

4 


jYeli'Hv Tran'^parent 

300 

71 

29 

0 

300 

78 

22 

0 


L,..do 

300 

6S 

32 

0 

300 

71 

29 

0 


f Bay Held 

50 

48 

20 

32 

50 

8t 

6 

10 


_..-do 

50 

58 

16 

26 

50 

82 

10 

8 


r'kaben:!. 

50 

36 

26 

38 

50 

84 

6 

10 


- *io 

50 

16 

30 

54 

50 

ion 

0 

0 


Vv'ealfi'iV . , . 

! 50 

50 

40 

20 

40 

50 

90 

4 

6 

Mioiiesota-..-|^ 

-do - - 

40 j 

20 

40 

50 

92 

4 

4 

do -- 

' 50 

! 46 ■ 

30 

24 

50 

86 

12 

2 


. .-.do - 

i 50 

1 46 

! ^2 

30 

24 

50 

100 

0 

0 


do. ..... 

1 50 

IS 

40 

50 

100 

0 

0 


....do - 

i 50 

^ 42 

IS 

40 

50 

98 

2 : 

0 


..-.do 

50 

; 52 

14 

34 

50 

94 

6 j 

0 


do 

100 

too 

! 83 

3 

14 

17 

100 

99 

100 

0 1 
0 

1 


f....._...dn 

I 70 

13 

13 

100 

0 

1 

Nebraska i 

do . 

KXl 

1 70 

17 

100 

96 

3 

do ... 

100 

1 98 

1 

1 

100 

98 

2 

6 


do. 

100 

250 

I 92 

4 

4 

lOO 

100 

0 

0 

Oklaliomti,. . .. 

— do... 

I g 

24 

69 

250 

29 

27 

44 

Wisconsin, j 


250 

1 53 

27 

20 

250 

9-1 

2 

4 


SECOND-YEAR TREKS 


/Ben 

155 

72 

1 

27 

215 

94 

0 

Delicif.us. 

m 

94 

o 

4 

50 

100 

0 

... do 

50 

82 

6 

12 

50 

100 

0 

... do 

50 

84 

4 

12 

.50 

96 

2 

-..-do - 

50 

94 

4 

2 

50 

96 

2 

-- -do 

50 

96 

4 

0 

20 

100 

0 

-.-.do 

50 

86 

0 

14 

20 

100 

0 

-.--.do . 

m 

98 

0 

2 

50 

96 

0 

do 

50 

94 

2 

4 

50 

96 

0 

0]de,nbiirg 

992 

74 

3 

23 

1,000 

98 

0 

' - - . do 

399 

■ 79 

2 

19 

1, 014 

94 

0 

’ Diidlcv 

50 

88 

8 

4 

50 

88 

0 

, -.-cio.,.. 

50 

94 

2 

4 

50 

94 

2 

Earlx Harvest 

1,005 

84 

1 

15 

940 

98 

0 

j Fariieuse 

5t-S 

79 

2 

19 

1,009 

97 

0 

! Florence ! era h ) _ ... . _ 

414 

97 

0 

3 

445 

99 

0 

1 Oano ■ 

573 

1 - 80 1 

0 

20 

695 

97 

0 

i Golden Winesap 

768 

78 

1 

21 

555 

99 

0 

McIntosh 

1,012 

84 

2 

14 

; 1,020 

94 

.' 1 

Red Siberian /crahi... 

512 

96 

0 

4 

575 

98 

0 

Wealthy 

935 

74 

5 

21 

1,016 

99 

0 

----do 

60 

70 


14 

50 

96 ; 

2 

i ...do 

50 

78 

2 1 

20 

50 

94 

4 

— do 1 

1,000 

93 

0 i 

7, 

1,000 

97 

0 


1,000 

93 

0 1 

7 

1,000 

98 

0 

;. -...'..do-,. : .1 

1, 000 

90 

0 1 

10 

I 000 

97 

0 

--do-.- : 

1,000 

90 

"O'i 

10 

1 ' 500 

99 

0 

. - ---do.- - 

279 

86 

0 1 

14 

1 330 

on 

Whitney (crab) i 

1,034 

91 

'■'■■"■o' 

.■'. 9 

i L049 

wu 

99 

u 

0 

j Yellow Transparent... 

I 259 

88 

,'■.■.'■'■ 2-! 

10 

'286 

96 

1 

l! — do.. ' 

[ 1, 180 

89 

. '■ ' . 2 i 

9 

1 1, 093 

97 

0 


6 

0 

0 

2 

2 

0 

0 

4 

4 

2 

6 

12 

4 
2 
3 
1 
3 
1 

5 
2 
1 
2 
2 
3 
2 

■■.'3 

1 

10 

1 

3 

3 


» loeliiding string, waxed String, and waxed raffia, ' 

} This class mclutks all enlar^emems, regardless' of .cause, smaller in cross measurements than half t.he 

aiameter of the tree. 

« This class ineliides all enlargements not classified as small, . 
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Table 5. — -Effect of string and adhesive-tape wrappers on occurrence of malforma- 
tions at the unions of piece-root-grafted apple trees of various ages — Continued 
SECOND-YEAK TEEES— Continued 


Unions showing indicated condition on trees wrapped with— 


State 

Variety 


String 



Tape 




Total 

exam- 

ined 

Smooth 

Small 

knot 

Large 

knot 

Total 

exam- 

ined 

Smooth 

Small 

knot 

Jiarae 

knot 


Ben Davis .... ... 

Number 

654 

Percent 

49 

Percent 

4 

Percent 

47 

Number 

649 

Percent 

60 

Percent 

5 

Percent 


Jonathan 

612 

74 

1 

25 

579 

88 

0 

12 


do 

612 

74 

1 

25 

595 

91 

1 

8 


do 

5S8 

70 

1 

29 

612 

87 

1 

12 


McIntosh 

567 

89 

1 

10 

431 

95 

0 

5 


— do 

559 

89 

1 

30 

518 

95 

0 

5 


do 

1,005 

58 

3 

39 

512 

76 

2 

22 


do 

534 

56 

2 

42 

515 

73 

1 

26 


- do 

550 

56 

4 

40 

551 

SO 

1 

19 


— do 

112 

61 

3 

36 

534 

S3 

0 

17 


Wealthy 

898 

37 

7 

56 

840 

77 

4 

19 


do 

771 

39 

4 

57 

743 

67 

4 

29 


do... - 

775 

35 

6 

59 

743 

67 

4 

29 


— do... 

456 

52 

3 

45 

462 

71 

0 

29 


Yellow Transoaront. .. 

496 

45 

5 

50 

502 

52 

2 

46 


Okabena. 

50 

4 

4 

92 

50 

58 

10 

32 

Minnesota. .. 

Wealthy 

50 

48 

8 

44 

50 

94 

0 

G 


— do 

250 

62 

14 

24 

250 

96 

2 

2 


Ben Davis 

305 

79 

1 

20 

273 

92 

0 

8 


Rome Beauty (dark 
red sport, 

1,000 

68 

14 

IS 

1, 000 

89 

9 

2 


do 

1,000 

68 

14 

18 

800 

78 

20 

2 


Olden hiirg 

1, 496 

85 

1 

14 

731 

95 

0 

5 


Early Harvest. 

707 

93 

1 

6 

137 

98 

0 

2 


Fanieusc 

1, OSO 

89 

1 

10 

996 

97 

0 

3 


Maiden Blush.... 

648 

90 

1 

9 

836 

99 

0 

1 


Wealthy 

”178 

57 

2 

41 

216 

80 

2 

18 

Missouri.. .. 

— do 

243 

57 

2 

41 

316 

82 

3 

15 


— do 

243 

57 

2 

41 

342 

84 

3 

13 


— do - 

500 

47 

i 

52 

45 

87 

0 

13 


-...do 

500 

47 

1 

52 

68 

88 

2 

10 


— do.. — 

1,000 

94 

0 

6 

1,000 

9S 

0 

2 


— do.... 

1,000 

81 

1 

18 

1, 000 

89 

1 

10 


do— - 

1,000 

46 

2 

52 

1, 000 

94 

1 

5 


— do 

250 

74 

3 

23 

250 

90 

1 

9 


Wiiiesap 

227 

90 

1 

9 

320 

97 

0 

3 


Yellow d'ransparent- - . 

693 

47 

9 

51 

583 

87 

0 

13 


Wealthy 

50 

82 

6 

12 

50 

92 

6 

2 

Nebraska 

— do 

50 

82 

0 

12 

50 

100 

0 

0 


do... 

250 

66 

21 

13 

250 

89 

4 

7 


rDelicioua 

447 

84 

0 

16 

238 

98 

0 

2 


do 

438 

72 

1 

27 

310 

87 

2 

11 

Oklahoma. . . 

do 

473 

94 

1 

5 

465 

97 

0 

3 


Jonathan.. — 

436 

94 

0 

6 

636 

98 

0 

2 


York Imperial 

367 

66 

1 

33 

441 

89 

1 

10 


Wealthy 

250 

72 

12 

16 

250 

90 

8 

2 

Wisconsin. .. 

' — do 

250 

69 

22 

9 

250 

95 

3 

2' 


do 

250 

86 

8 

6 

250 

96 

2 

'2 


THIRD-YEAR TREES 



(Dudley 

! 174 

90 

0 

10 

‘ 34 

91 

0 

9 


....do 

36 

94 

0 

6 

92 

90 

0 

10 

lowm. - ' 

Wealthy... 

101 

80 

0 

20 

! 104 

9-1 

0 

:6 


[....do - 

270 

85 

1 

14 

182 

96 

0 

. . 4 

Minnesota . 


50 

64 

0 

36 

50 

94 

0 

6 


/’.. ..do..... . 

134 

66 

5 

29 

120 

85 

.5 

10 


do..-.--...- 

306 

65 

11 

24 

215 

91 

0 

9 


....do.. ... 

600 

78 

■2 ' 

20 

600 

88 

1 

11 


....do — - — . 

600 

78 

2 

20 

600 

88 ■ 

0 

,. 12 


.....do...... 

600 

8.1 

0 

19 

600 

93 

0 

■■ ■ 7 


--do... 

600 

81 

0 

19 

600 


0 

•6 

XT Tk 1 

....do.. — 

600 

80 

0 

20 

600 J 

. 80. 

0 ’ 

20 

In 6 Drnslv B ^ . - 

-.-.do 

600 

80 

0 

20 

600 

80 

0 

11 


. ...do.. ... 

376 

81 

0 

19 

375 

81 

0 

19 


.--..do....-- - 

361 

82 

I 

17 

.382 . 

'■94 

0 

■ 6 


Whitney (crab). - 

533 

85 

1 

14 

m 

93 

0 

7 


-do. 

645 

86 

1 

13 

742 

05 

1 

■ . 4. 


Yellow Transparent... 

961 

79 

1 

20 

972 

■87'. 

■■ '■.,! 

■'"'.12 



813 

84 i 

0 

16 

765 

87 

0 

.■;,13^^ 
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Table 5.— of siring and adhesmdape wrappers on occurrence ^ malforma- 
flous fii Ihf unions of piecer^roQt-graf ted apple trees of various agfe6*"—Contmiied 

THIRD-YEAR TREE S—Continued 




Unions showing indicated condition on trees wrapj led with— 

State ■' 

Variety 


String 



Tape 


Total 

exam- 

ined 

Smooth 

Small 

knot 

Large 

knot 

Total 

exam- 

ined 

Smooth 

Small 

knot 

Ivarge 

knot 


'Bavfield 

Number 

589 

Percent 

50 

Percent 

3 

Percent 

47 

Number 

509 

Percent 

67 

Percent 

1 

Percent 

32 


Oldenburg. 

717 

46 

1 

53 

413 

65 


33 


'doodnue 

495 

60 

0 

40 

542 

68 

0 

32 

Wisconsin.— 

Xurrhwestern Green- 
ing 

402 ' 

71 

5 

24 

736 

71 

2 

,27 

I'erkins 

763 

66 

0 

34 

310 

74 

1 

25 


Red Wine. 

i 634 

1 33 

0 

67 

240 

G3 

0 

37 


— do-.l 

! 471 

1 66 

5 

29 

482 

82 i 

4 

14 


Wealthy., 

! 300 

1 ss 

4 

8 

300 

96 i 

2 

2 


v..-do - - 

; 1,243 

1 48 

i 

0 

i 

52 

424 

73 

0 

27 


FOURTH-YEAR TREES 


/Bayfield 

161 

18 

9 

73 

117 

49 

6 

do 

184 

29 

s 

63 

265 

36 

7 

Okabena. 

111 

8 

1 

91 

57 

42 

2 

; — do 

60 

13 

4 

83 

87 

44 

3 

d Wealthy ..i 

308 

34 

5 

61 

362 

67 

2 

! ....do i 

308 

34 

5 

61 

308 

67 

4 

i do — 

272 ! 

14 

2 

84 

331 

59 

3 

1 do 

272 i 

14 

2 

! 

84 

260 

59 

6 


Table 6. — Summary of table 5 on experiments showing total or average effect of 
string ® and adhesive-tape wrappers on occurrence of malformations at the unions of 
piece-root-grafted nursery apple trees of various ages 


Trials (number) 


I 


Wrapper 


31 

31 

78 

■78 

m 

m 

8, 

•8- 


SammarF: 

. 145... . 


String- 

Tape- 

String. 

Tape- 

String. 

Tape- 

String. 

Tape- 

String. 

Tape., 


.Age of 

Total 

trees 

Stand 

Trees showing indicated 
condition at the union 

trees 

exam- 

ined 

Smooth 

Small 
knot ^ 

Large 
knot c 

Years 

Num- 

ber 

Percent 

Percent 

Percent 

Percent 

1 

2,900 

57 

57 

19 

24 

1 

2,900 

59 

91 

6 

3 

2 

39, 555 

60 

75 

3 

22 

2 

38, 521 

63 

91 

1 

8 

3 

13,974 

63 

73 

2 

25 

3 

12, 118 

59 

85 

1 

14 

4 

1,676 


21 

4 

75 

4 

1,787 


53 

4 

43 

1-4 

58, 106 

59 

68 

6 

26 

1-4 

55,326 

60 

88 

2 

10 


a Indticlmg string, waxed string, and raffia and wax. 

} TMs claffl included all enlargements, regardless of cause, smaller in cross measurements than half the 

diameter of the tree. 

This class ineluded all enlargements larger in'cax^-nieasurements than half the diameter of the tree.. , 


Tlie supenonty of adhesive-tape wrapping for reducing the per- 
centage of enlargements on piece-root-grafted apple trees in most 
cases is beyond question. In none of the 145 trials in which there 
was more than 10 percent of disease were the string wrappers found 
to yield a higher percentage of smooth trees than the tape wrappers. 
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This alone places the mathematical probability that the tape is val- 
uable in very significant figures. 

The degree of superiority of the tape is difficult to estimate because 
of the variability of the results. In 20 trials there was less than 10 
percent of disease development on the checks. Consequently, in 
such trials, control measures had little chance to show their value. 
On the other hand, some extreme differences occurred, such as differ- 
ences of 40, 42, 48, and 56 percent in favor of the adhesive tape. The 
detailed results show differences ranging from 0 to 58 percent. The 
significance of the mean difference in relation to the standard devia- 
tion of the difference when at least 10 percent of knots were present 
was calculated, according to the method of Fisher (5), for trees of 
each age. When the value of P was less than 0.05, the mean differ- 
ence in relation to the standard deviation of the difference was con- 
sidered significant. The values of P were as follows: For the fii'st- 
year trees, 0.02; for the second-year trees, 0.09; for the third-year 
trees, 0.12; and for the fourth-year trees, 0.02. In considering these 
values the variable factors already nientioned should be held in mind, 
for they make questionable the application of such mathematical 
treatment to some large portions of this data. It is obvious that cer- 
tain influences which might affect the older trees, as explained earlier, 
did not affect the first-year trees. All the results with the fourth- 
year trees were taken in the same northern nursery during the same 
year. Consequently, the different trials were subject to fewer varia- 
bles; this doubtless accounts for the low value of P. With a suffi- 
ciently large number of repetitions in several places and in successive 
years j the writers think that greater variations would probably be 
found. If similarly isolated groups of trials among the second- and 
third-year trees are taken, correspondingly low values of P are found. 

Satisfactory control with adhesive tape was secured in the great 
majority of cases but not always. Examples may be found in table 5 
in which the percentage of smooth trees from tape-wrapped grafts, 
while better than the controls, was only 29, 36, 42, 44, 49, 52, 58, 59, 60, 
etc. It appears from studies described by Hiker and Hildebrand {29) 
and by Siegler and Piper {41 ) that results like these may be explained 
in two ways. (1) Infection of the union at the time of grafting may 
take place before the application of the adhesive-tape wrapper. This 
is perhaps pertinent when the discrepancy appears as it did once in 
Oklahoma on first-year trees. Such results resemble those secured 
from inoculations made at grafting time. (2) Infection may occur 
through injuries made by cuHivation or by soil insects after the wrap- 
per has decayed. This possibility has been already considered in 
relation to second-, third-, and fourth-year trees. This was doubtless 
the manner of infection on the first-year Yellow Transparent trees 
grown in Kansas, as recorded in table 5. Fortunately, detailed sea- 
sonal development records are available on these trees {29). Except 
for the one case in Oklahoma, these trees represent the worst failures 
on 1-year-old trees that the writers have experienced with tape 
'.wrappers.' 

The importance of infection at grafting time has been given con- 
sideration. Considerable emphasis has recently been placed on this 
one factor by Siegler |nd Piper {41)- In an effort to discover the 
effect of adhesive tape upon infected unions, a number of grafts were 
inoculated with the hairy-root organism and then some were wrapped 
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with string and the others with tape. At the end of the first season, 
both the string- wrapped and the tape-wrapped lots showed 100 per- 
cent of hairT root. 'Repetitions of these trials the next year gave, 
respeetivelv,*' 95 and 100 percent- hairy root. These experiments 
showed that ordinary adhesive tape has httle if any effect on bacteria 
present in the union at the time of grafting. In view of this evidence 
it appears that in inan}^ cases reported in tables^2 and_5 infection at 
the union at grafting time had comparatively little direct influence 
on the results. This is shovm by the high percentage of smooth tape- 
wrapped trees at the end of the first season, suggesting that control 
nieasiires based only on the importance of infection at grafting time 
may lead to disappointment in many cases. However, w^hen considered 
from the standpoint of providing a source of inoculum for spread in the 
nursery by soil fauna during the latter part of the first season and 
during later growing seasons, as indicated by Riker and Hildebrand 
(29) j it assumes more importance. 

Difficulty \rith the adhesive tape has been encountered in three 
ways, none of which wms serious. (1) The mechanical operation of 
wrapping the grafts and of cutting or tearing the tape at the proper 
place caused difficulty only at first. (2) Girdling of the trees during 
the first summer was found in about 10 percent of one planting of 
grafts. In this case too much tape had been wrapped about the 
unions, and the grafts were planted in very sandy soil. Dry weather 
prevailed for some time during the early part of the growing season, 
with the result that the tape wrapper was not sufficiently moist to 
decay. Even under these conditions no girdling was found on the 
trees that had received the right amount of wrapper, (3) A slight 
roughening of the bark beneath the plaster mass was noted in a 
few cases with certain varieties. Necrotic areas were observed 
which penetrated into the cortex for a short distance. Roughness of 
the union has sometimes been confused with the discolored residual 
particles of the plaster mass. 

DISCUSSION 

In the control of graft knots the seed used for growing seedling 
apple trees has been found to be of considerable importance. Since 
different varieties of apple trees have been shown to differ widely 
in their susceptibility to hairy root, it seemed probable that a similar 
difference in susceptibility might be found in seedlings grown from 
the seed of these varieties. A limited amount of evidence presented 
in this paper shows promise in this line of investigation. But aside 
from their relative resistance, which may be influenced not only 
by genetic constitution but also by conditions attending growth and 
haiwesting, the seedlings may supply one or more of the other 
important factors. V „ 

The seedlings used for grafting may carry pathogenic bacteria. 
How these bacteria arrive at the surface of the seedlings is not yet 
perfectly understood. They may be in the soil where the seedlings 
are grown. How^ever, a seemingly more important factor appears 
after the seedlings are dug. Ordinarily they are collected in bundles, 
placed in a heap, covered with packing (frequently old packing that 
might be classed as refuse), w^atered, and allowed to stand in order 
to ‘sw^eat off ” the leaves. During this procedure it is obvious 
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that knot-producing bacteria on a very small percentage of infected 
seedlings or in the packing material might spread widely over the 
seedlings. There appear to be two possible remedies for this situa- 
tion: (1) To prevent the spread of the bacteria; and (2) to destroy 
the bacteria by chemical treatments. 

The bacteria carried on the surface of seedlings are aided in their 
entry into the union by certain cultural practices. In their effort 
to prevent desiccation of the seedling roots in the grafting room some 
nurserymen keep the roots wrapped in moist material until the 
minute of making the cut. Under such circumstances it has been 
observed repeatedly that the soil from the surface of the root ma}^ 
be carried over the cut surface by the knife, not only introducing 
any bacteria present into the union but also placing a layer of soil 
particles between parts of the scion and root and thus making union 
more difficult. Consequently, seedling roots that are clean and dry 
seem preferable during grafting to those that are wet and covered 
with soil. This appears to be quite important when the seedlings 
carry hairy-root bacteria, and deserves further experimental study. 

The use of antiseptics on seedlings that carry hairy-root bacteria 
appears desirable. The deterniination of \vhether or not the infectious 
bacteria are carried on the surface of seedling roots is comparatively 
easy. By means of the technic developed by Patel (21) and Riker 
et al. (^7), any well-equipped bacteriological laboratory might make 
the determinations. However, by no means all the apple seedlings 
carry infectious bacteria in sufficient numbers to be of primary 
consequence. Here again there is variation in different seedling 
nurseries during the same year and in the same nursery in different 
years. While some of the trials reported in tables 2 and 5 show 
that the bacteria were carried on the seedling and entered the union 
at grafting time, a larger number show that the union was invaded 
later on. 

Wedge grafts appear to have no advantage over tongue grafts in 
the amount of graft knot developing. There was practically no 
difference when they were wrapped with tape. When the grafts 
were wrapped with string or raffia the wedge grafts had a somewhat 
greater tendency than tongue grafts either to come apart before 
planting or to send up sprouts from the root. On an average, the 
tongue grafts showed a slight advantage in stand. 

The use of the adhesive-tape wrapper has been perhaps the most 
important single factor in the prevention of graft knots. Its function 
is rather complex. In the first place, inoculations at the union 
when the grafts were made indicated that the tape had little if any 
effect upon the entrance of bacteria at that time or on the develop- 
ment of infection by the bacteria that gained entrance. However, 
it had several other functions: (1) It prevented the further entrance 
of soil, water, and bacteria; (2) it reduced greatly any chance of 
injury to the union during various manipulations; (3) it encouraged 
better union between scion and root; (4) it prevented superficial 
development of excess callus; (5) some nurserymen have reported 
that it reduced the growth of mold at the union ; and (6) it prevented 
root-chewdng soil fauna from reaching the union for a number of 
months. 

Root-chewing soil insects, including white grubs (Phyllophaga), 
wireworms (Elateridae), and fungus gnats (Mycetophilidae) (l^), 



936 


VoL 48, no. 10 


Journal of Agricultw^ Research 


111 ay play an important role in the development of infectious hairy 
rot ft not onlv diiring the first season but also during succeeding 
seasons. Olmouslyr control measures applied only at the time the 
irrafts were made could have little effect on this factor except as 
tliey might reduce the amount of readily available inoculuin. Accord- 
ing to common entomological obseiwation, the comparatively mild 
Vinters during the last few years probably enabled a greater number 
of insects to" survive and^ have correspondingly increased their 
iiiiportaiice as a factor in the graft-knot problem. "P^ile abundant 
moisture in the soil favored the growth of the trees it also favored 
tlie production of calluSj the activity of the insects near the suiiace, 
and the chances of entrance into the plants of any bacteria present 
in the soil. This serves in part to explain why graft knots are so 
much worse in moist than in dry years. In view of this situation^ 
which deserves further study, such land as pasture that has been 
favorable to root-chewing insects seems relatively imsuited for apple 
grafts. 

The following practices promise to contribute to the reduction of 
graft knots at the unions of apple trees grown from piece-root grafts: 

(1) Use of apple seed from relatively resistant trees as soon as it is available. 

(2) Treatment with an antiseptic ‘of seedling roots suspected of carrying 
kiiot-prodiiciiig bacteria. 

(3) Use of clean dry roots when grafting. 

(4) Use of a suitable wrapper, such as the adhesive tape described. 

(5) Planting in soil which has been so handled that it is relatively free from 
root-chewing insects such as white grubs, wireworms, and fungus gnats. 

SUMMARY 

Graft knots of the types discussed in this paper cause severe losses 
in apple nursery stock propagated by piece-root grafting. 

Nursery trees having infectious hairy root made, on an average, 
slightly less gi'owth than smooth trees. Trees remained alive and 
grew slightly when all the roots but those in the hairy-root overgrowth 
had been removed. 

The problem of controlling the overgrowths is complex, because 
there are several different kinds of enlargements, arising from different 
causes. The different kinds of overgrowths occur in various sorts 
and degrees of mixture. 

The various overgrowths appear vrell distributed in the nursery. 
In the case of infectious hairy root, a certain amount of spread in 
the nurseiy row from hairy-root trees has been indicated. 

A large percentage of the overgrowths occur at the unions. This 
pei-centage has been reduced on an average in the last 5 years, doubt- 
less owning to improved nursery practice. 

Examinations of a number of plantings have shown correlations 
between the length of time the trees stayed in the nursery row and the 
percentage of overgrowths. Although in some cases the initiation 
of most of the overgrowths could be traced to grafting time, in many 
others it was traced to the second or later seasons. 

In some instances the surfaces of seedlings were found to carry 
hairy-root bacteria which were sources of inoculum at grafting time. 
In other instances this factor seemed of relatively little importance. 
The growing of seedling apple trees from the seed of relatively resist- 
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ant apple varieties gives promise of being a factor of some importance 
in the control of graft knots. 

Antiseptic treatments of seedlings canying bacteria that cause 
overgrowths seem to promise some measure of control. 

Well-matched tongue grafts produced as many smooth unions as 
wedge grafts. Tongue grafts appeared to have certain minor advan- 
tages over wedge grafts. 

Adhesive-tape wrapping appeared to be better than any other 
wrapping employed and to be the most important single factor among 
control measures. However, tape wrappers did not prevent infection 
at the time the grafts were made. 

Control measures are discussed in relation to one another and to 
common nursery practice. 

LITERATUEE CITED 

(1) Birmingham, W. A. 

1927. BURR-KNOT OR STEM-TUMOUR OF QUINCE AND APPLE TREES. Agl. 

Gaz. N.S. Wales 38: 941-943, illus. 

(2) Brown, N. A. , 

1924. AN APPLE STEM-TUMOR NOT CROWNGALL. JouF. Agl. Research 
27: 695-698, illus. 

(3) Carne, W. M. 

1928. BURR-KNOT AND STEM-TUMOUR OP APPLE AND QUINCE TREES. 

Jour. Dept. Agr. West. Aust. (2) 5: 123-126, illus. 

(4) Doidge, E. M. 

1921. crown-gall: bacterium tumepaciens — smith and townsend. 
Jour. Dept. Agr. So. Africa 3: 64-67, illus. 

(5) Fisher, R. 

1930. statistical methods for research workers. Ed. 3, 283 pp., 

illus. Edinburgh and London. 

(6) Fracker, S. B. 

1918. crown gall on young apple trees. Wis. Hort. 8: 139. 

(7) Gleisberg, W. 

1928. DER wuRZELKROPP DER OBSTBAUME. Sachsisches Gartncrbl. 8 (1): 

11-19, illus. 

(8) Harris, R. V. 

1931. THE crown-gall DISEASE OP nursery STOCKS. II. THE RELATIVE 

SUSCEPTIBILITY OP APPLE STOCKS TO CROWN-GALL- A PROGRESS 

REPORT. East Mailing Research Sta. Ann. Rept. 16-18 (2): 
140-142, illus. 

(9) Hatton, R. G., Wobmald, H., and Witt, A. W. 

1926. ON ^'burr-knots” op fruit trees. Jour. Pomol. and Hort. Sci. 
5: 195-204, illus. 

(10) Hedgcock, G. G. 

1910. field studies op the CROWN-GALL AND HAIRY-ROOT OP THE APPLE 
TREE. XJ.S. Dept. Agr., Bui. Plant Indus. Bull. 186, 108 pp., 
illus. 

(11) HrLDEBRAND, E. M. 

1934, LIFE HISTORY OP THE HAIRY-ROOT ORGANISM IN RELATION TO ITS 
pathogenesis on nursery apple trees. Jour. Agr. Research 
48: 857-885, illus. 

(12) Husz, B. 

1930. [does steeping protect fruit trees against CROWN gall?] 
Kert5szeti Lapok [Budapest] 44: 96-99, illus. [In Magyar. 
English review in Rev. Appl. MycoL 10: 603.] 

(13) Jakovlev, N,., A. 

1929. the crown GALL OP FRUIT TREES. Plant Protection [Leningrad] 

6 (3-4): [455]-459, illus. [In Russian. Title also given in 
English,] 

(14) Keitt, G. W., Shaw, L., and Riker, A. J. 

1932. bactericides IN relation to bacillus amylovorus and fire- 

BLIGHT CONTROL. (Abstract) Phytopathology 22: 15. 

, 68594 — 34 — 67 ,.; 



938 


Journal 0/ AgricultuTal Research 


Vol. 48, no. 10 


(15’ McCuxtock, .1. A. 

1(124. PROGKESS REPORT ON CROWN GALL EXPERIMENTS CONDUCTED AT 
THE UNIVERSITY OF TENNESSEE EXPERIMENT STATION. Teilll. 

State Hort. Soc. Proc. 19: 86-88. 

(16) AIelhus, I. E., and .Maney, T. J. 

1921 STUDY OF THE CONTROL OF CROWN GALL ON APPLE GRAFTS IN 
THE NURSERY. lowa Agi*. Expt. Sta. Research Bull. 69, pp. 
[1591-172. 

fl7( — ^ Muncie, J. H., and Fisk, V. C. 

1928. GRAFTING AS A FURTHER MEANS. OF PREVENTING CALLUS KNOTS ON 

apple. (Abstract) Phytopatholog.v 18: 127-128. 

(18) AIuncie, j. H. 

1926.’ A STUDY OF CROWNGALL CAUSED BY PSEUDOMONAS TUMEFACIENS 
ON ROSACEOUS HOSTS. lowR State Col. Jour. Sci. 1: [67]-116, 
illiis. 

(19) and Suit, R.‘F. 

1930. STUDIES OF CROWNGALL, OVERGROWTHS AND HAIRYROOT ON APPLE 

NURSERY STOCK. lowa State Coi. Jour. Sci. 4: 263-313, illus. 

(20) Oppenheimer, H. R. 

1926. VERHUTUNG UND HEILUNG KREBSARTIGER PPLANZENGESCHWU LSTE 
(WURZELKROIF DER OBSTBAUME). ANGEW. Bot. 8: 8-29, lllllS. 

(21) Patel, M , K . 

1926. AN IMPROVEB METHOD OF ISOLATING PSEUDOMONAS TUMEFACIENS 
SM. AND TOWN. Phytopathology 16: 577. 

(22) Riser, A. J. 

1928. NOTES ON THE CROWNGALL SITUATION IN ENGLAND, FRANCE AND 
HOLLAND. Phvtopathologv 18: 289-294, illus. 

(23) 

1930. CONTROL OF ROOT KNOT ON APPLE NURSERY STOCK. NeWS for 
Nurserymen 6 (6): 3. ^ 

(24) and Banfoild, W. M. 

1932. STUDIES ON THE DEVELOPMENT OF CROWN GALL, HAIRY ROOT, 
AND WOUND OVERGROWTHS IN TREATED SOIL. Plivtopathology 

22: 167-177, illus. 

(25) Banfield, W. M., and Keitt, G. W. 

1928, STUDIES OF THE HISTORY OF DEVELOPMENT OP WOUND OVERGROWTHS 
ON APPLE GRAFTS AND OP THE INFLUENCE OF WRAPPERS ON 
THEIR SUPPRESSION. (Abstract) Phytopathology 18: 128. 

126) ™ — Banfield, W. M., Wright, W. H., and Keitt, G. W. 

1928. THE RELATION OF CERTAIN BACTERIA TO THE DEVELOPMENT OF 

ROOTS. Science (n.s.) 68: 357-359. 

(27) Banfield, W, M., Wright, W. H., Keitt, G. W., and Sagen, H, E. 

1930. STUDIES ON INFECTIOUS HAIRY ROOT OP NURSERY APPLE TREES. 

Jour. Agr. Eesearch 41: 507-540, illus. 

(28) and Hildebrand, E. M. 

1931. PREVENTION OF enlargements AT UNIONS OP PIECE-ROOT GRAFTED 

NURSERY APPLE TREES. News for Nurserymeii 7 (6): 3. 

(29) ~ : — and Hildebrand,. E. M. " ■ 

1934. SEASONAL DEVELOPMENT OF HAIRY ROOT, CROWN GALL AND WOUND 
OVERGROWTHS ON APPLE TREES IN THE NURSERY. JoUr, Agr. 

Research 48: 887-912, illus. 

(30) — , — Hildebrand, E. M., and Ivanopf, .S. S. 

1932. the DEVELOPMENT of CROWN GALL, HAIRY ROOT, AND WOUND, 

OVEEGBOWTH IN GLASS CYLINDERS. PllvtopatllologV 22: 179- 
, 189, illus. 

(31) and Keitt, G. W. 

1926. STUDIES OF, CROWNGALL AND WOUND OVERGROWTH ON ' APPLE 
NURSERY STOCK. Phytopathology 16: 765-808, illus. 

(32) Keitt, G. W., and Banfield, W. M." 

1929. STUDIES OP THE CONTROL OF CROWNGALL, HAIRYROOT AND OTHER 

MALFORMATIONS AT THE UNIONS OF GRAFTED APPLE TREES. 

News for Nurserymen 5 (6): 6-7. 

(33) Keitt, G. W., and Banfield, W. M, - 

1929. A PROGRESS REPORT ON THE CONTROL OF CROWN GALL, HAIRY 
BOOT, AND OTHER MALFORMATIONS AT THE UNIONS OP 
GRAFTED APPLE TREES. Phytopathology 19: 483-486. 



May 15, 1934 Hairy Root and Crown. Gall on Root-Grafted Ajrple Trees 939 


(34) Rodigin, M. N., and Papaev, N. A. 

1931. THE CEOWN GAEL OF FRUIT TREES IN THE LOWER-VOLGA REGION. 

Plant Protection (formerly Defense des Plantes) [Leningrad] 
7: 113-119. [In Russian, Title also given hi English.] 

(35) Sass, J. E. 

1930. historical studies of callus knots on apple GRAFTS. (Ab- 

stract) Phytopathology 20: 124. 

(36) Sherbakoff, C. D. 

1925. EFFECT OF SOIL TREATMENT WITH SULPHUR UPON CROWN GALL IN 
NURSERY APPLE TREES. Phytopathology 15: [lOoj-lOO, illus. 

(37) SlEGLER, E. A. 

1928. STUDIES ON THE ETIOLOGY OF APPLE CROWN GALL. JoUP. Agr. 

Research 37: 301-313, illus, 

(38) 

1929. THE wcoLLY-KNOT TYPE OF CROWN GALL. Jour, Agr. Research 

39: 427-450, illus. 

(39) 

1932. THE CROWN GALL PROBLEM. Natl. Nurserymaii 40 (4): [5]-6. 

(40) and Piper, R. B. 

1929. AERIAL CROWN GALL OF THE APPLE. Jour. Agr. Research 39: 

249-262, illus. 

(41) and Piper, R. B. 

1931. PATHOGENESIS IN THE WOOLLY-KNOT TYPE OF CROWN GALL. JoUT. 

Agr. Research 43: 985-1002, illus. 

(42) Smith, C. 0. 

1925. CROWN-GALL STUDIES OF RESISTANT STOCKS FOR PRUNUS. Joiir. 

Agr. Research 31: 957-971, illus. 

(43) Smith, E. F., Brown, hi. A., and Toiynsend, C. 0. 

1911. CROWN GALL OF PLANTS: ITS CAUSE AND REMEDY. U.S. Dept. 
Agr., Bur. Plant Indus. Bull. 213, 215 pp., illus. 

(44) Stapp, C 

1928. DER WURZELKROPF ODER BAKTERIENKREBS DER OBSTBAUME UND 
SEINE BEKAMPFUNG. Biol. Reichsaiist. Land. ii. Forstw., 
Flugbl. 78, [4] pp., illus. . 

(45) Stewart, F. C. 

1924. RECOMMENDATIONS FOR THE IMPROVEMENT OP OFFICIAL INSPECTION 

FOR CROWN-GALL. Phytopathology 14: [172]“173. 

(46) Swingle, C. F. 

1925. BURR-KNOT OF APPLE TREES. ITS RELATION TO CROWNGALL AND 

TO VEGETATIVE PROPAGATION. Jour. Heredity 16: 313-320, 
illus. 

(47) Swingle, D. B., and Morris, H. E. 

1918. crown-gall injury in the orchard. Mont. Agr. Expt. Sta. 
Bull. 121, pp. [1231-139, illus. 

(48) Voloshinova, B. 

1930, [on the QUESTION op CANCER ON THE ROOTS OF ORCHARD TREES 

AND MEASURES FOR ITS CONTROL.] Ztsclir. Aiigew. Bot., Ukraii- 
isches Inst. Angew., Charkiw. 1930 (3-4): 77-90, illus. 

(49) Waite, M. B,, and Siegler, E. A, 

1926. A METHOD FOR THE CONTROL OP CROWN GALL IN THE APPLE NURSERY. 

U.S. Dept. Agr. Clrc. 376, 8 pp., illus, 

(50) WoRMALD, H., and Grubb, N, H. 

1925. FIELD OBSERVATIONS ON THE CROWN-GALL OF NURSERY STOCKS. 

East Mailing Research Sta. Ann. Kept. 1924; 122-125. 




TECHNIC FOR OBTAINING SPERMATOZOA FOR PHYSIO- 
LOGICAL DAIRY STUDIES AND ARTIFICIAL INSEMI- 
NATION ' 

By Fred W. Miller^ senior veteHnarian and physiologist^ and Everetts L Evans? 
associate physiologist and histologist, Division of Dairy Cattle Breeding, Feeding, 
and Management, Bureau of Dairy Industry, United States Department of 
Agriculture 

INTRODUCTION 

Semen may be collected from the vagina of the recently bred cow 
with the hand, by aspiration, or with a sponge. Semen from the 
vagina is satisfactory for determining whether the bull has ejaculated 
normal active spermatozoa during the mating, but it is unsatisfactory 
for use in physiological studies of spermatozoa because it is mixed 
with the secretions of tKfe cow. Furthermore, collecting semen from 
the vagina for artificial breeding is wasteful. 

A method of obtaining semen from the bull by massage of the acces- 
sory genital organs has been developed in the Bureau of Dairy Indus- 
try's physiological laboratory at Beltsville, Md. It has not been deter- 
mined, however, what effect the continuous practice of obtaining 
semen in this way would have on the health and usefulness of the bull. 

REVIEW OF THE LITERATURE 

Konaarov and Nagaev^ designed a special rubber bag which they 
placed in the vagina of the cow. By careful technic in conducting the 
matihg they were successful in obtaining a superior quality of semen 
as compared to that collected directly from the vagina with a sponge. 
Later, according to a report by Walton,^ these workers used an 
artificial vagina and a dummy’’ animal, which they claimed worked 
satisfactorily. 

Case ^ in 1925 reported that ‘ Ve procure the semen either by press- 
ing on the seminal vesicles through the rectum, or from the vagina 
of the recently bred cow.” In a letter to the authors in November 
1932 Case described his method of massaging the seminal vesicles to 
obtain semen and also stated that he had used the method successfully 
10 years ago in collecting semen for artificial impregnation. 

ANATOMY OF THE BULL^S ACCESSORY GENITAL ORGANS 

At Beltsville it was found that the seminal vesicles of the bull do 
not contain spermatozoa, but that the spermatozoa are in the am- 
pullae of the ductus deferens. 

The seminal vesicles and ampullae are easily identified and are so 
located that it is possible to manipulate the one ^without disturbing 
the other. It is more difficult to locate and manipulate the prostate 
of the bull because it consists of two parts and is protected by heavy 
muscle. The body of the prostate consists of a band which stretches 
across the neck of the urinary bladder and the origin of the urethra. 

i Received for publication Mar. 16, 1934; issued July 1934. 

a Komarov, N. I„ and Nagaev, V. D. [a new method of obtaining sperm with the sperm col- 
lECTOR.] Problemy Zhivotnovodstva no. 1, pp. 8&-88, illus. 1932. [In Russian.} 

3 Walton, A. the technioue of artificial insemination. Imp. But. Anim. Genetics, Edinburgli. 
56 pp., illus. 1933. 

^Case, C.H, HANDLING CASES OF sterility IN practice. Gornell Vet. IS (1) ; 3X^5. 1925. * 
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It is about an inch and a half transversely and about half an inch in 
width and thickness. The pars disseminata surrounds the pelvic part 
of the urethra and is concealed by the urethral muscle (figs. 2 and 3). 

As shown in figure 1 the ducts from the seminal vesicles and ductus 
deferens do not enter the urethra in a common opening; the ampullae 
of the ductus deferens have large lumen and the seminal vesicles have 
small tubules. The relation of these organs to each other is shown 
in figure 2. 

METHOD AND RESULTS OF ITS USE 

With a hand in the bulks rectum, from 7 to 10 inches, the seminal 
vesicles were massaged with backward strokes, and a turbid vfluid 
flowed from the prepuce. It contained only epithelial cells in the 
majority of cases. In like manner the ampullae of the ductus 
deferens were massaged and a turbid fluid flowed out which contained 
only spermatozoa in the majority of cases. In some instances the 
ampullae were massaged first, but better results were obtained when 
the seminal vesicles were massaged first, because, while the ampullae 
were being massaged, the seminal vesicles released some of their 
fluid and both spermatozoa and epithelial cells were obtained. When 
the seminal vesicles were massaged first the epithelial cells came out, 
leaving only spermatozoa in the fluid obtained from the ampullae. 
Usually about 2 minutes of massaging gave excellent results. 

In figure 3 the genital organs are shown replaced in the right half of 
a bull carcass. The weight of the urinary bladder has pulled the geni- 
tal organs forward about an inch from the normal position in the live 
bull. The hand is shown massaging the seminal vesicles in figure 3, 
A, and the ampullae in figure 3, B, 

Figure 4 shows the method of collecting the fluids as they flow out 
and figure 5 the comparative density of the fluids from the seminal 
vesicles and from the ampullae. Microscopical views of cells found 
in the two fluids are shown in figure 6. 

Eighteen bulls ranging from to 12 years in age were used in the 
first 100 trials to obtain semen by massage. Epithelial cells or debris 
were found in 100 samples of fluid from the seminal vesicles; and in 6 
of these spermatozoa were found, always from bulls that had not been 
used for long periods. In these six cases it is probable that the am- 
pullae were disturbed while the seminal vesicles were being massaged. 

Of the 100 trials in massaging the ampullae 8 1 were successful and sper- 
matozoa were obtained from 15 bulls. Thirty-one trials were made on one 
bull and each time enormous quantities of spermatozoa were obtained. 
No spermatozoa were obtained from the ampullae of three bulls. Two 
of these were tried only once and the other one twice. They were dis- 
posed of before further trials were made. Failure to obtain spermatozoa 
was experienced in 19 trials. It was assumed that the ampullae had 
been emptied j ust previous to the time of massaging. This was indicated 
by the volume and tone of the ampullae, the small flaccid tube yielding 
no spermatozoa and the large firm tube yielding many spermatozoa. 

The quantity of fluid collected from the seminal vesicles at one time 
varied from 0.5 to 21 cc and that from the ampullae varied from 0,5 to 
23' cc,.' ,, 

CONCLUSIONS 

Massaging the accessory genital organs of the bull is a practical 
way of obtaining semen for physiological studies. For artificial breed- 
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Figure 3. — Position of the genital organs of the bull and method of manipulating them: A, Massaging 
the seminal vesicles; massaging the ampullae of the ductus deferens. The organs are: a. Seminal 
vesicles; b, ampullae; c, body of prostate; rf, iielvic urethra; e, bulbo-urethral (Cowper’s) glands; /, urinary 
bladder; pubis 
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Pibi RE 5. Material collected from (A) seminal vesicles and (B) ampullae. 
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ing purposes it is desirable to massage the ampullae, for from this 
organ will be obtained the greatest volume of semen containing active 
spermatozoa. The method is also useful with valuable breeding bulls 



Figure 6.-^4, Epithelial cells from seminal vesicles; spermatozoa from ampullae. X 450. 

that are unable to serve cows in the normal manner because of injury. 
Other advantages of collecting semen directly from the bull for use in 
artificial breeding are that it prevents waste of semen and produces 
semen free from extraneous matter. 
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to the “Fungi Imperfecti/' However, according to the same author- 
ity, this particular “isolation^’ was taken only a short distance (1 
inch or less) from wood which was blue-stained by Geratostomella pini 
Munch, a fungus associated with D.frontaiis. ^ It is thought that the 
nematode might also have been present in this blue-stained wood. 

This constant association suggests that the nematode described 
herein uses the insects as carriers and pmbably feeds on the various 
fungi involved in the same association. Similar carrier relationships 
between nematodes and insects are known, especially in connection 
’ with bark beetleSj dung beetles, flies frequenting fermenting substances, 
etc. In this respect the observations made herein offer nothing new, 
but the apparent specialization of this nematode to a life in wood and 
its association with fungi of the blue-stain type merit special attention. 

TECHNICAL DESCRIPTION 
Apiielenchoides xylophilus, n.sp. 

Like the other members of the genus, Aphelenchoides xylophilus is of slender 
shape and has the following dimensions: 

1.8 7.9 8.7 74. 96.2 

9 0.9 mm. 

1.0 1.5 1.5 1.6 1.0 

2.2 9.3 10. M 95.9 

^ 0 77 

1.2 1.6 1.6 2.0 1.5 

The cuticle is very finely annulated (8 annules to 6m in the head region); the 
head well set off; the tail of the larva and female more or less obtuse and slightly 
longer than the rectum (fig. 1, F, G, H), that of the male conically pointed, 
ventrally curved, and slightly longer than the spiculum (fig. 1, D). A front view 
of the head shows a six-radiate cuticular structure. The lobes between the radii 
carry the sense organs in the order typical for the genus, i.e,, on the lateral lobe 
the amphids, on each submedial lobe one papilla (fig. 1, B). The stylet is very 
fine and about one and one-half times as long as the head is wide; its knobs are 
minute; two fine guiding rings are present and the wall of the cephalic portion of 
the alimentary tract is reinforced by short cuticular thickenings (fig. 1, A). It 
seems that the esophageal glands open in the middle bulb of the esophagus in the 
manner typical of the genus; the bodies of the glands, however, have a dorsal 
situation outside the alimentary tract at the beginning of the intestine; they 
extend to about behind the esophageal bulb and have a strictly serial arrange- 
ment. The length of the rectum is about twice the anal body diameter. An 
obscure excretory pore opens ventrad of the nerve ring (fig. 1, E). The vulva is 
a narrow transverse slit but stands out rather -well because the body narrows 
suddenly behind it. The testis is outstretched forward to the right of the in- 
testine, and ends about SOOg behind the esophageal bulb. The spicula resemble 
those of other members of the genus but have in addition an extremely well- 
developed ventral apophysis at the proximal end. In some specimens this 
apophysis seemed to connect with the ventral body wall (fig. 1, D), but in others 
no such connection was seen. Figure 1, C, show^s the distal end of the spiculum 
as forming a circular expansion. A small gubeniaculum is present. The copula- 
tory mnsculature is shown in figure 1, D. There are two pairs of large, somewhat 
mammillate ventrosubmedial copulatorj? papillae (fig. 1, D), one pair at aboxit 
the middle of the tail and the other just in front of the anus. A third pair seems 
to have a dorsolaterad position also in the middle of the tail. 

Diagnosis. — Aphelenchoides with an obtusely rounded conical tail in the larva 
and in the female, but pointed in the male, with a fine, barely knobbed buccal 
stylet. The spiculum of the male proximally with long ventral apophysis; a 
short, lineate gubernaculum present; male tail with large mammillate copulatory 
papillae; a pair ventrosubmedial in front of anus, a second pair ventrosubmedial 
in the middle of the tail, and a third dorsolaterad also in the middle of the tail. 
Associated with blue-stain and similar wood fungi. 

Type host . — Pinus palustris. 
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RELATION OP BARBERRY TO THE ORIGIN AND PER- 
SISTENCE OF PHYSIOLOGIC FORMS OF PUCCINIA 
GRAMINIS^ 


By E. C. Stakman, head of the Section of Plant Pathology, Minnesota Agricultural 
Experiment Station, and agent, Division of Barberry Eradication; M. N. Levine, 
pathologist, Division of Cereal Crops and Diseases; Ralph IJ. Cotter, associate 
pathologist, and Lee Hines, agent, Division of Barberry Eradication, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

It is now well known (J, 6^9, ISf that new physiologic forms of 

Puccinia graminis Pers. may arise as the result of hybridization be- 
tween existing forms or varieties on barberry. The evidence at pres- 
ent available indicates that hybridization probably accounts princi- 
pally for the origin of forms, although Stakman, Levine, and Cotter 
(9) have shown that mutation in parasitism may also occur, though 
probably rarely. There is little information, however, regarding the 
origin of . new forms through hybridization on barberries in nature. 
For this reason the writers made studies during the past several years 
to ascertain whether new physiologic forms could, be obtained from 
aecial material and from uredial material near barberries. Prelimi- 
nary statements of the results have been published (7, iS). These 
and" other data have been combined with the results of earlier surveys 
and are presented in the following pages. Data are given also on 
the results of ‘^selfing” pycnia resulting from inoculations with telial 
collections of unknown identity. 

The writers were particularly interested in the varieties of Puccinia 
graminis that attack the common small grains; hence inoculations 
were made on barley {Hordeum vulgare L.) and oats (Arena sativa L.), 
or on wheat (Triticum vulgare Vill.),^ oats, and rye [Secale cereale L.), 
to obtain preliminary indications of the identity of the variety of rust 
in question. Barley is susceptible to both the tritici and the seealis 
varieties; hence, it sometimes was used in the preliminary inoculations 
to ‘‘screen out'' the poae and agrostidis varieties, neither of which 
develops well on it. The determination of physiologic forms within 
rust varieties was made by revised keys originally developed by Stak- 
man and Levine (8) for physiologic forms of F. graminis tritici Eriks, 
and Henn, ; by Bailey (1) for physiologic forms of F, graminis amnae 
Eriks, and Henn., and by Cotter and Levine {S) for physiologic forms 
of F. graminis seealis Eriks, and Henn. 


1 Received for publication Feb. 2, 1934; issued July, 1934. Cooperative investigation of the Divisions 
of Barberry Eradication and Cereal Crops and Diseases, Bureau of Plant Industry, U.S. Departinent 
of Agriculture, and the Minnesota Agricultural Experiment Station. Since this paper was written, the 
Division of Barberry Eradication has been combined with the Divisions of Blister Rust pontrol, Citrus 
Canker Eradication, and Phony Peach Eradication in a single division designated the Division of Plant 
Disease Eradication. The new division has been made a part of the Bureau of Entomology and Plant 
Quarantine. Published as paper no. 1105 of the Jomnal series of the Minnesota Agricultural Experiment 
Station. '' 

2 Reference is made by number (italic) to Literature Cited, p. 968. 

3 According to the rules of botanical nomenclature the name of this species is Triticum mMimm; hut as 
T, vulgare is in general use among agronomists and cereal pathologists and geneticists, the writers give pref- 
erence to that form. 
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The relatively low percentage of infection resulting from inoculating 
with aeciospores may be due to several causes. Puccinia graminis 
poae Eriks, and Henn. and P. graminis agroshdts Eriks, and Henn.** 
are very prevalent on barberries in certain regions, and many of the 
collections probablv were of these varieties. Then, too, most of the 
material was sent ‘^through the mails and much of it was not in good 
condition when received." Further, the germination of aeciospores is 
somewhat more uncertain and considerably more capricious thp that 
of urediospores; and aeciospores do not usually retain their viability 
more than 3 weeks, even when kept cool and fairly dry. 

VARIETIES ISOLATED 


VARIETIES FROM AECIAL COLLECTIONS 


Of 675 aecial collections of Puccinia graminis tested during the past 
13 years, only 281 caused infection on wheat, oats, rye, or barley (table 
1).‘ It seems likelv, therefore, that many of the collections were of the 
pme or the agroiidis variety. Of the 281 collections that caused 
infection on the common small grains, 96, or 34.2 percent, were of the 
tritici variety : 179, or 63.7 percent, were of the secalis variety; and only 
6, or 2.1 percent, were of the avenue variety. 


Table 1. — Isolation of Puccinia graminis varieties from rusted barberries in the 

field, 1920-S2 


Year 

Coilec- 
1 ions 
tested 

Total 

cultures 

identified 

Isolations of Pucc'mia graminis var. — 

Tritici 

Secalis 

Avert ae 


Number 

Number 

Number 

Percent 

Number 

Percent 

Number 

Percent 

U*2it - 

8 

4 

3 

75.0 

1 

25. 0 



1921 

14 

6 

5 

83.3 

1 

16.7 



1022 

9 

3 

1 

33.3 

2 

66.7 



10*B - 

5 

•> 



2 

100.0 



1024„... 

i 12 

5 

i 

16.7 

5 

83.3 



1025 

{ 9 

5 

3 

60.0 

2 

40. 0 



1025 

1 19 

12 



11 

91. 7 

1 

8. 3 

1027...- 

27 

19 

8 

42. i 

9 

47.4 

2 

10. 5 

1028........ 

93 

60 

23 

38.3 

35 

58.4 

2 

3.3 

102iA 

54 

41 

IS 

43. 9 

23 

56. 1 



1030 

131 

42 

16 

38. 1 

26 

61. 9 



1031.... - . .. 

124 

32 

12 

37. 5 

19 

59.4 

1 

3. 1 

1032 . .. 

159 

49 

6 

12. 2 

43 

87.8 











Total 

675 

281 

96 

34.2 

179 

63.7 

6 

2. 1 


It seems quite likely that the high percentage of collections of Puc- 
cinia grarnims secalis is due to the fact (1) tha,t quackgrass (Agropyrori 
re pens (L.) Beauv.) is susceptible to tliis variety, (2) that this grass is 
very prevalent in the Northern States, where barberries become rusted, 
and (3) that many of the remaining barberry bushes are along fence 
rows, in pastures, on the edges of wood lots, along streams, and in 
other uncultivated places, where quackgrass is likely to be abundant, 
h urthermore, Hordeum jubatum L. and other species of Hordeum are 
very susceptible to P. graminis secalis are also various species of 
Llymus. There is therefore opportunity for P, graminis secalis to 
develop abundantly. P. graminis tritici attacks not only wheat but 
also the same grasses that P. graminis secalis attacks, with the excep- 
tioii of Agrop yron repens. As just explained, however, the great 


^ The varieiai name as written by Eriksson and Henning is agrostis. 
vanetal names, however, the vtTiters prefer to use the genitive foi 

jiriKSSon. 


In order to conform with the other 
genitive form, agrostidis, as originally used by 
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abundance and the advantageous habitat of the last-named grass give 
P. graminis secalis the advantage, despite the fact that the acreage of 
wheat attacked by P. graminis tritici m far greater than the acreage of 
rye attacked by P. graminis secalis. The relative paucity of collec- 
tions of P- graminis av>enae probably is due to the fact that Dactylis 
glomerata L., Festuca spp., Alopecurus spp., Glyceria, and the other 
grasses susceptible to this variety usually are not particularly 
abundant near barberry bushes (ff). 

VARIETIES FROM UREDIAL MATERIAL NEAR INFECTED BARBERRIES 

In addition to determining the relative prevalence of the varieties 
of Puccinia gramims occurring in the aecial stage on barberry bushes in 
nature, the writers made a similar study of uredial material on grains 
and grasses in the immediate vicinity (within 100 yards) of infected 
bushes. This study includes only such rust as almost certainly 
resulted from infected bushes. The results are summarized in table 2. 


Table 2. — Isolations of Puccinia graiiimis varieties from uredial collections obtained 
in close 'proximity to infected barberries, 1919-32 


Year 

Cultures 

Isolations of Puccinia gramims var. — 

identified 

Tritici 

Secalis 

Avenae 

19,19 - - 

Number 

3 

3 

Number 

2 

Percent 
66.7 
33. 3 

Number 

1 

Percent 
33. 3 

Number 

Percent 

1920 

1 

2 

66, 7 



1921 

4 

2 

50. 0 

2 

50. 0 



1922 

9 

3 

33.3 

6 

1 




1923 

3 


33. 3 

2 

66. 7 
25. 0 

1924 ' 

4 



3 

3 

75.0 

1 

1925 . - 

5 

2 

40.0 

60.0 



1926 .. 

7 

2 

28. 6 

4 

57. 1 

1 

14.3 

1927- 

21 

9 

42.9 

8 

38. 1 

. 4 

19. 0 

1928- 

27 

16 

59. 3 

5 

18.5 

6 

22.2 

1929 


4 

57. 1 

3 

42. 9 



1930 

8 

5 

62.5 

1 

12.5 

2 

25.0 

1931- - - 

19 

12 

63. 2 

2 

10. 5 

5 ■ 

26. 3 

1932 

18 ! 

14 1 

77.8 

4 

22.2 







Total 

138 

■ 72 

52.2 

45 

32. 6 

21 

15. 2 









A total of 138 collections of Puccinia graminis were identified. Of 
these, 72, or 52.2 percent, w^ere of the tritici variety ; 45, or 32.6 per- 
cent, of the secalis variety; and 21, or 15.2 percent, of the -avenue 
variety. The fact that the percentage of collections of the triiici va- 
riety was higher than that of the secalis variety, 'whereas the opposite 
was true of the aecial collections, is probably due largely to conscioiis 
selection. The writem were most interested in determining physiologic 
forms of the tritici variety and therefore made special effort to collect 
grasses and grains likely to be infected with it. Hence the percentages 
do not necessarily give as accurate an indication of the relative preva- 
lence of the varieties in nature as those for the aecial collections. 

It is clear that a high percentage of Puccinia gmmmis on barberries 
in the Northern States is of the secalis variety. This variety of rust 
probably is more closely dependent on barberry for persistence from 
season to season than are theArifei and avenae varieties. This is 
partly because very little rye is grown in the South, where the uredial 
stage 'Of . Puccinm graminis can survive the winter. It is evident that 
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thei*e is appreciable development of stem rust of rye only in those regions 
where there are barberries. Stem rust of rye can be prevented, for 
practical purposes, eradicating barberries. While it is perfectly 
clear that barberry eradication reduces the severity of rust attacks on 
wheat and oats also, investigations by the writers have shown that the 
uredial stage of these rusts often survives the winter in the far South 
and, under favorable conditions, iirediospores may be blown north- 
ward, to cause infection on wheat and oats in the Northern States. 

PHYSIOLOGIC FORMS ISOLATED 

Atteiiipt was made to identify the physiologic forms, both in aecial 
and uredial collections. In addition, barberries were inoculated in 
the greenhouse with collections of teliospores and the pycnia were 
''selfed’', as described later. The primary object was to find out to 
what extent new physiologic forms were arising through hybridization 
in nature. It was desired also to ascertain to what extent barberries 
make possible the persistence of existing forms. Theoretically bar- 
berries slioiild be of great importance in these respects, and, practically, 
the results sliow that they are. 

PUCCINIA GRAMINIS TRITICI 
Physiologic Forms from Aecial Collections 

The identitv of the physiologic forms represented in tlie 94 isola- 
tions of Puecima gruminis tritici was determined, 26 forms being 



identified. Some of them were of frequent occiirrence and wide dis- 
tribution, othem rare and limited; some were quite virulent, others 
fairly innocuous (table 3 and fig. I; see also table 5). 

• note that so limited a number of isolations should have 

Yielded so many different physiologic forms. This becomes especially 
striking when the number of physiologic forms isolated from field 
coileetions of infected grain plants is considered. In the latter ease, 
82 physiologic forms have been identified from more than 8, 
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cultures made in the course of physiologic-form surveys ; that is, on an 
average, not more than one form from each 100 uredial collections; 
whereas from aecial collections a different form was procured, on an 
average, from every fourth culture, although this ratio probably 
would not have persisted had more aecial collections been identified. 


Table 3. — Physiologic fonns of Puceinia graminis triiici isolated from aecial col- 
lections, by States, 1920-SB 



Form 36 was most common and most widely distributed. It was 
isolated 24 times in a total of 94 identifications, and it was found in 11 
of 15 States in which collections were made. Next in order of occur- 
rence and distribution was form 38, with a total of 11 isolations from 
7 States. This was followed by a considerable drop in both occurrence 
and distribution was form 38, with a total of 11 isolations from 7 
States. This was followed by a considerable drop in both occurrence 
and distribution, with 6 isolations each of forms 1 and 49 from 5 and 
4 States, respectively. Forms 3, 18, 24, 52, 62, 66, 102, 104, and 125 
were isolated only once each from the aecial material collected. 

Forms 62, 102, 104, and 105 never have been isolated from any 
source other than rusted barberry. The original collections of forms 
61 and 66 were made from naturally infected barberries, although 
subsequently they were obtained also from rusted grain in the field. 

These facts indicate strongly that in addition to spreading miieh 
inoculum early in the season b^arberry bushes are extremely important 
in at least two respects: (1) They enable many physiologic forms to 
persist from season to season and (2) they make possible the origin of 
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new forms throiis:h livbridization. In 1919 it was pointed out by 
Stakiiuiii, Levine^ and Leacli (10) that the iiimiber ot physiologic 
forms of Fuccima gramirds seemed to be greater in those regions of 
the United States- where there were inany barberry bushes_ than" m 
those where there were few. The results presented in this paper 
siipport tliis opinion and indicate clearly that barberry buslies should 
be eradicated in order to reduce the number of physiologic forms as 
well as to reduce the amount of inoculum, especially that of the early 

sprins;. ' ^ ^ , 

Oflhe forms isolated only from barberries md therefore probably 
produced on them during recent years, form 62 is the most virulent. 
It may cause lieav}^ infection on all the differential hosts except Vernal 
and Khapli einmers. It is one of the most virulent of all forms, 
cliffering from form 15 only in its inability to infect Vernal normally 



FkU'ke 2.—QwgrEii)hie distribution of physiologic forms {designated by Dumber) of Pucdnia gramrnis, 
collected In the vicinity of infected bitrberries. Circles indicate variety fritki; squares, secalis; triangles, 

.creiiaf.. 


and ill its tendency to produce type x infection on Marquis, Reliance, 
and Kota wheats; on these wheats form 15 produces type 4 infection 
(table 5 ). Under favorable conditions type x may develop sufficiently 
to cause heavy rust attack; hence form 62 must be considered poten- 
tially dangerous. The other forms isolated only from barberries are 
not particularly virulent, although it is worthy of note that on Vernal 
emmer both form 104 and 105 produce type x infection, which is a 
lieavier infection than that caused by most other forms. 

PHYsiOLOfJK’ Forms from Uredial Material near Infected Barberries 

The 71 collections of Pmdma graminis iriMciy made on grains and 
grasses near infected barberries and completely identified, comprised 
19 physiologic forms, a different form for approximately every four 
collections (table 4, fig. 2 ). These results support those obtained 
from inociilations with aeciospores» Here again it is clear that bar- 
berries are responsible for the persistence of many physiologic forms. 
V hen mociilations were made with urediospores collected at random; 
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in regions wliere barberries rust and in those \’^’here the}^ do not, a 
different form^ appeared in 1 collection in 100, on an average. But 
when inoculations were made with urediospores collected near rusted 
barberries, a different form was obtained in 1 culture of every 4. 


Table 4. Physiologic forms of Puccinia graminis tritici isolated fro uredial coP 
lections obtained near infected harherriesj by States, 1919-32 



Forms 36 and 38 were the most prevalent, constituting 22,54 per™ 
cent and 19.72 percent, respectively, of the total collections identified. 
Form 38 has been very prevalent in the soft red winter wheat area 
of the United States, where there still are many barberries; it is also 
very abundant in northern Mexico. Forms 2i and 49 wTre next in 
order of prevalence. By consulting table 5 it will be seen that these 
four forms could cause heavy rust on the principal types of wheat 
commonly grown in the wheat-growing regions of the northern half 
of the United States. Marquis and similar varieties are susceptible 
to three of these forms; the durums are resistant to forms 36 and 49, 
susceptible to form 21, and under favorable environmental condi- 
tions they are siisceptible to form 38, which causes a type x+ Infec- 
tion, Reliance is immune from forms 21 and 49 but is susceptible to 
forms 36 and 38 (table 5). This variety reacts like Kanred, which 
often is immune in the field. It rusts heavily, however, when forms 
like 36 and 38 are present. Kota, which reacts like the widely grown 
variety, Ceres, is at least moderately susceptible to all four forms but 
seldom becomes heavily rusted in the field because of morphologie 
resistance. \ ■ ' U 

Form 48 has never been found in the United States except near 
rusted barberries, although it has been reported several times from 
Canada, where it was first collected in 1929, on wheat. It is, how- 
ever, of rare occurrence. 
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PUCCINIA GRAMINIS SECALIS 

The physiologic forms of 27 aecial collections of Puccinia graminis 
secctlis were identified, 9 forms being found. It seems significant that 
so many forms were isolated from so few collections. On an average, 
a difl’efent form was isolated from every third collection. Forms 7 
and 11 were the most prevalent, constituting 25.93 and 29.63 per- 
cent, respectively, of the total (tables 6 and 8, and figs. 1 and 2). 

Table d.— -Types of hifectioti^ on differential varieties of wheat caused hy physio- 
logic forms of Puccinia graminis iriiici isolated from aecia and from, uredia 
near infected barberries, 1919-82 


Reaction of differential varieties 


Form 

Jen- 

kin 

Mar- 

quis 

Re- 

liance 

Kota 

Arnaut- 

ka 

Alin- 

dum 

Spel- 

mar 

Ku- 

banka 

Acme 

Ein- 

korn 

Ver- 

nal 

Kha- 

pli 

1 

4 

4 

0 

3 

1 

1 

1 

3 

3 

3 

0 

1 

? 

4 

2 

2 

2 

1 

1 

1 

1 

3 

3 

1 

0 

3 

4 

4 

4 

3 

1 

1 

1 

1 

3 

3 

1 

0 

9 

4 

4 

0 

3 

4 

4 

4 

4 

3 

3 

4 

1 

11 

4 

4 

3 

3 

4 

4 

4 

3 

3 

3 

1 

1 

— 

4 

4 

4 

3 

4 

1 

1 

1 

3 

3 

1 

0 

15 

4 

4 

4 

3 

4 

4 

4 

3 

3 

3 

4 

1 

17 - 

4 

4 

0 

3 

4 

4 

4 

3 

3 

3 

1 

1 

IS 

4 

4 

4 

3 

1 

1 

1 

3 

3 

3 

1 

1 

19 

4 

o 

0 

3 

4 

4 

4 

3 

3 

3 

0 

1 

21 

4 

4 

0 

3 

4 

4 

4 

4 

3 

1 

0 

1 

23 

4 

2 

1 

1 

1 

1 

1 

3 

3 

3 

0 

0 

24 

4 

4 

0 

2 

4 

4 

4 

3 

3 

3 

1 

0 

29 

4 

4 

0 

3 

X 

X 

X 

X 

X 

3 

1 

1 

.32. 

4 

4 

4 

3 

X 

X 

X 

X 

X 

3 

1 

1 

33 

4 

2 

4 

1 

1 

1 

1 

4 

3 

3 

1 

1 

34 

4 

4 

4 

4 

4 

4 

4 

4 

3 

1 

0 

1 

36 i 

4 i 

1 4 

4 

3 

I 

1 

0 

X 

3 

3 

0 

1 

37 ! 

4 

! 4 

0 

3 

4 

i 4 

4 

X 

3 

3 

1 

1 

38.. i 

4 1 

1 2 i 

4 i 

3 

X 

X 

X 

X 

X 

4 

I 

1 

39 - 

1 4 i 

1 2 ! 

. 4 i 

3 

4 

3 

4 

4 

3 

4 

: 1 

1 

48 ' 

i I i 

1 ! 

0 1 

1 

X 

! X 

X 

X 

4 

4 

1 

1 

4!) 

! ' 4 

i 4 

i 0 

4 

1 

! 1 1 

! 0 

X 

3 

1 

0 

1 

51 

I 4 

2 1 

1 : 3 

0 

0 

0 

0 

4 

3 

3 

4 

0 

52 

! 4 

4 ' 

f 4 

4 

1 

1 

1 

X 

f 4 

4 

4 

1 

56 

4 

3 

■ 3 

3 

1 

1 

1 

3 

3 

1 

1 

1 

61 

1 4 

4 

1 0 

3 

0 

0 

0 

X 

4 

4 

0 

0 

62" 

1 4 

s 

1 X 

r ■ 

4 

4 

4 

4' 

4 

3 

0 

1 

66 ft 

i 4 

2 

1 4 

! 0 

0 

0 

0 

X 

1 

3 

0 

0 

67A.,., 

j 4 

4 

i 4 

4 

1 

2 

2 

X 

X 

3 

4 

1 

96 

1 4 

X ; 

! 4 

X 

4 

4 

4 

4 

3 

3 

1 

] 

191 ' 

i 4 

4 i 

! 4 

4 

1 

0 

0 

X 

X 

3 


1 

102^ 

1 4 

0 

1 

0 

0 

0 

1 

1 

0 

3 

0 

1 

104" 

■4 

:X 

0 

0 

0 

0 

0 

0 

0 

3 

X, 

0 

105 a........ 

4 . 

X 

0 

3 

0 

0 

0 

X 

3 

3 

X 

J 

125..... 

4 1 

4 

4 

4 

0 

0 

0 

X 

4 

1 

0 

1 

127‘« 

.^1 

4 

3 

3 

1 

1 

1 

X 

X 

0 

0 

1 


**0 sipifies immane; 1, very rasistant; 2, moderately resistant; 3, moderately susceptible; 4, very sus- 
wptiole; X, heterogeneous (uredia very variable, various types of infection appearing on the same leaf, not 
due to raeehaoical mixture. , ’ ' 

^ First isolated from barberries, 

‘•Isolated only from barlierries. 

From selling oiily. 



June 1 , 1934 Relation of Barberry to Forms of Puccm ia gra, minis 


961 


Table 6, — Physiologic forms of Puccinia grartiinis secalis and P. grarninis avenae, 
isolated from aecial collections, by States, 1920-32 

NUMBER OF TIMES FORM WAS FOUNJ3 


Variety and form 

Xansas 

Maine 

Michi- 

gan 

Minne- 

sota 

Mis- 

souri 

Ne- 

braska 

South 

Dakota 

Wis- 

consin 

Total 

P. grarninis secalis: 

3 . _ . 




1 





1 

1 

4- 











1 






1 

' 7 



6 




1 


8 




1 





1 

9.. 




3 





3 

lU.. 

3 


2 

9 



] 


8 

12 . ... . . 




3 


1 



4 

14. . 






1 


1 










Total 

3 

1 

2 

17 


1 

2 

; .. 1 

27 







P. grammis avenae: 

2 

1 


1 

2 


1 



4 

5 

1 




1 




2 










Total.. 

2 


1 

2 

1 




6 






i ! 



NUMBER OF FORMS 

P. grarninis secalis 

1 

1 

1 



1 

2 

1 

9 

P. grarninis avenae 

2 

1 

1 

1 



9 






1 




Form 5 is the only form that had not been isolated previously from 
uredial material. As it was subsequently obtained also from uredia 
near barberries, it probably had been formed recently. 

From 28 uredial collections of Puccinia grammis secalis near in- 
fected barberries, 8 physiologic forms were isolated, again a large 
number of forms in proportion to the number of collections. Forms 
7 and 11 were again the most prevalent (table 7). 

PUCCINIA GRAMINIS AVENAE 

Only six aecial collections of Puccmia grammis avenae were identi- 
fied. "Forms 2 and 5 occurred in the ratio of 2 to 1. Both are ex- 
tremely common and widely distributed in the United States; con- 
sequently no particular significance attaches to their occurrence on 
barberries. However, an entirely new' form, designated form 10, 
was obtained from oats near rusted barberries in Wisconsin. A special 
note on this form has been published by Cotter {2)] hence details 
will not be repeated here, beyond calling attention to the fact that 
it may reasonably be concluded to have resulted from hybridization 
on barberries in nature. It is important to note that form 10 is much 
more virulent on the Richland group of oat varieties than either form 
2 or form 5 (table 8). 
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Table 7. — Ph ifskd€fgic forms of Puccinia graoiinis secalis and P. grammis avcnae 
isolated from iiredial eollecltons made near infecied barberries, by States, 1919-'d2 


XrMBER OF TIMES FORM WAS FOUND 



P. graminis maps i 2 

i 1 ^ 

1 

; 3 i 

1 

13 4 1 1 

1 

1 

1 


1 3 

K 

P. gra m i nis art nat : 

1 1 

: I ! 

— 

2 i 1 

t 1 

""'"l 

— 

2 

2 

3 


Table S. — Types of infection produced on differential varieties of rye and oats 
armed by physiologic forms of Puccinia graminis secalis and P. graminis avenae, 
respectively, isolated from aecia andfro7n uredia near inf ected barberries, 1920-32 


Varieties of rye and relative susceptibility to P. Varieties of oats and mean 
gramirm secalis infection type 


Form 



Rosen 

Swedish 

Prolific 

Dakold 

Colorless 

Minrus 

Richland 

Joanette 


88.1 

15. 8 

40.0 



2 

1 

4 

i... 

88 5 

S3. 4 

81.4 

f)0 9 

88 3 




4 

9i3 

81. 8 

62. 6 

61.3 

m.9 




5L ■ 

84.3 

6.9 

85.7 



2 

1 



89.3 

i 62.7 

60.4 

38.0 

88. 8 ^ 




8 .-. 

67.8 

41.4 i 

62. 1 

13. 6 

79. 4 




9-.--.,. i 

,87.3 

52.4 

81.2 

19. 6 

86. 7 




10. 






2 

4 

X 



S7.4 1 

46.7 

oS. 7 

' 17. 4 

86. 6 




12 ..... 

86.1 i 

63.5 

SI. 2 

36. 7 

87. 8 




14 ',, ...... 

So. 8 1 

39.9 

( 

53.9 

10.8 

68.3 





PHYSIOLOGIC FORMS FROM AECIA RESULTING FROM SELFED 

PYCNIA 


To obtain still further information on the role of barberries in pro- 
diiciiig new piiysiologic forms and in perpetiiating old ones, a number 
of ^sellings'' were made. The method was to inoculate barberries 
with collections of telial material/ then transfer pycnial nectar from 
certain pycnia to others of the same collections, and inoculate differ- 
eiitial hosts with the progeny of spores resulting from inoculations 
with spores from single aecia. There is^ of course, no way of knowing 
certainly whether forms isolated Tvere already present in the telial 
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stage, w'lietlier tliey resulted from segregation, or whether new com- 
biiiations were made. The essential fact brought out by the results, 
however, is that in proportion to the number of cultures isolated a 
large nimiber of forms was always obtained. From some of the aecia 
resulting from inoculation with teliospores, 2 forms, and in one case, 
4 forms, were obtained. The average ratio between the number of 
forms isolated and the number of telial collections used for iiiociilation 
was 3 to 2. The ratio was approximately the same with Puccmia 
graniinis tritici and P. graminis secalisj being 1.62 to 1 and 1.56 to 1, 
respectivehv As has been previous^ pointed out, when determina- 
tions of physiologic forms of F. graminis tritici were made from 
iiredial material collected at random, one physiologic form was 
isolated from approximately every 100 collections. From aecial 
material resulting from inoculating barberries with teliospores in the 
greenhouse, however, the average number of forms isolated from each 
collection was 0.39. This would seem to indicate, again, that the 



Figure 3.— Geographic distxibution of physiologic forms (designated by number) of Pucctma graminis. 
segregated after passing through susceptible barberry. Circles indicate variety tritici; squares, seea/is: 
triangle, avenae. 


eradication of barberries will result in a diminution of the number of 
forms. 

From a total of 30 cultures of Puccmia graminis tritici ^ 17 different 
physiologic forms were isolated (table 10). Those obtained most 
commonly were forms 67 and 101, not forms 36 and 38, which were 
most frequently isolated from aecial collections and from iiredial 
collections made near barberries in nature. Nevertheless, form 36 
follows forms 67 and 101 in order of frequency and is very similar to 
them in pathogenicity, but form 38 was not obtained at all. The 
Gomple te list of forms isolated is given in table 1 0 . (See also % . 3 . ) 

Forms 67, 96, and 127, which were isolated in these experiments, 
have never been obtained from uredial material . Of these , forms 67 
and 96 had preAdoiisly been produced as a result of artificial hybridiza- 
tion and form 127 was first isolated as a result of selfing but lias been 
produced subsequently by hybridization also. Form 101 had been 
identified from uredial material collected in Bulgaria but has not been 
found in nature in North America. Its only recorded appearance on 
this continent is on barberries on which pycnia were selfed. 
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Forms 7, 9, 11, and 12 of Puccmia gmminis secalis also were isolated 
fro 111 aeeia produced on barberries in nature and from uredia obtained 
near barberry biishes. Of these, 7 and 11 have been most prevalent 
throiiglioiit. Forms 4 and 14 were obtained once each from the 
aecialmaterial and from the products of selling, but form 14 has never 
been obtained from ii redial isolations. ^ 

It seems probable from the results given above^that still other new 
forms niiglit be produced if there were opportunity for certain telial 
material to cause infection on barberries in nature. 

Tablk 9. — Phf^swloqk forms of Paceinia graminis varieties isolated from aeeia 
prod need as fi residi of selfing pycnia on barberries inoculated with collections of 
lelios pores, 1 928-3 J 


Nunibar of sellings « and number of forms isolated of P. graminis 


Year 

Total 

Var. tritki 

1 

1 

J 

Var. secalis 


Var. avenae 


SelQngs 

Forms 

isolated 

Selfings 

Forms I 
isolated ! 

i 

Selfings 

Forms 

isolated 

Selfings 

Forms 

isolated 

1996 

1 


4 

1 


4 





1927 

2 


5 

1 

1 


2 

1 


3 



1928 

1 


1 


i 






1929 




2 


2 

3 


5 



193<) 

2 


3 

1 


1 

1 


2 



1931 

6 



4 


5 

2^ 


2 



1932 ' - 

14 


21 

1 11 


19 

T 


2 

1 i 

0 

Total.,. 

I 31 

4S 

21 


34 

9 

14 

1 

0 

Ratio of number of forms to 
selftngs,, 

1.55:1 

1. 62:1 


1. 56:1 


0:1 


^ Tbis indicates the number of times barberries were inoculated with teliospore collections. Several 
pycnia were selfed in each ease and inoculations made with aeciospores from the resulting aeeia. Uredio- 
s|>ores were then used for inoculating differential varieties. 


DISCUSSION AND CONCLUSIONS 

The results presented in the foregoing pages show clearly that bar- 
berries are important in two ways besides that of producing abxmdant 
inoculum earl}^ in the spring: (1) They enable new physiologic forms 
to arise through hybridization, and (2) they apparently enable many 
forms to persist and multiply. 

The results of these fiekl studies support the opinion, based on 
previoiis greenhouse experiments, that new forms arise on barberries 
in nature. Four forms of Puccinia graminis triiici have been isolated 
only from naturally mfected barberries in the field, and two others 
were isolated from barberries before they were found elsewhere. 
Form 5 of P. grmnmis secalis has been isolated only from aeeia on 
barberries and from uredia in close proximity to infected barberries, 
while form 10 of P. .gmminis avenae has been found only near 
infected barberries. The writers are convinced that these forms were 
of recent origin, indicating that new forms are still arising on suscep- 
tible barberries. The significance of the results is increased by the 
fact that these forms had not been found previously in extensive 
physiologic-form surveys made each year since 1917. " 

There is strong circumstantial evidence that the numerous physio- 
logic forms now in existence have arisen principally as a result of 
hybridization. Despite very extensive experiments with physiologic 
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Table 10 . — Physiologic forms of Puccmia graminis varieties isolated from, aecia 
produced as a result of selfing pycnia on barberries inoculated with collections of 
teliospores, by States, 1926-82 


NUMBER OF TIMES FORM WAS FOUND 


Variety and torm 

Colorado 

Illinois 

Cj 

1 

Kansas 


Minnesota 

Montana 

New York 

North Dakota 

South Dakota 

o 

>- 

Total 

P. graminis tritici: 

9 






1 

1 

1 

1 

1 

1 

1 






1 

1 

1 

1 

3 

2 

1 

2 

3 
1 

1 

2 

1 

4 

1 

4 

1 

11 











18 











19 











21 




1 







32 








33 










34 


1 






1 

1 



36 

-- 




i 

1 

1 

1 

1 

3 

1 

-- 



49 








51 











52 








1 



61 










67 



1 









96 







1 

1 

1 



101 






3 





127 .. . . : 










Total- - i 



... 









2 


1 

— 

18 

1 

— 

6 


2 

30 

P. graminis secalis: 

4 . - . ^ 







i i 

11 

3 1 

12 j 
1 ! 






1 

1 

1 3 
i 14 
' 1 
1 


"l 


1 

; 1 

:::: 





’1’ 

:::: 

9 




11 ----- 


j 

---- 






12 








14-.- . -- 


I 



---. 






Total 











1 

1 1 ■ 

I 3 


i 4 

19 




i 1 

— 

29 

P. graminis avenae: \ 

2 








i 

L... 



1 




: ^ 

i 



i ■ 









NUMBER OF FORMS 


P, graminis triticL.. 


2 

1 


1 

--- 

0 

1 

--- 

6 


2 

17 

6 

1 

P. graminis secalis 


P. graminis arenae.. 
















forms since 1916, the writers have observed only two definite cases of 
mutation in parasitism, which are believed to be the only ones on 
record for Puccmia graminis. Color mutations are nofc infrequent, 
but mutation in pathogenicity seems rare. On the other hand, there 
is abundant evidence that new forms arise frequently through hybrid- 
ization. It seems reasonable, therefore, to assume that most physio- 
logic forms have arisen in this way. 

The large number of forms in regions where barberries become 
heavily rusted and the smaller number in regions where the aecial 
stage is rare also support the hypotheses just stated. As already 
pointed out by Waterhouse(iS), the presence of a large number of 
forms in the Mississippi Valley of North America and of a small 
number in Australia seems significant. Furthermore, in the rather 
isolated ^'Inland Empire^' of the Pacific Northwest of the United 
States, where barberries rarely become rusted, there seem to be rela- 
tively few forms of Puccinia graminis triticiy although wheat has long 
been grown extensively in the region and club wheats, which are sus- 
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lo nearly all forms known in North America, have been 

It a striking* fact, also, that so large a niiiiiber of forms can be 
isolated fnirn aeria and from, iiredia on grains and _grassesnn close 
proxiiiiitv to barberry bushes. For example, a different form ^ of 
Farcuih'i aramintsfrifici was isolated from approximately every third 
colleciion of aerial material, whereas a different form was isolated 
from only each Idf) collections of iiredial material collected at random 
(tables 11 and 12). 

Table 11 . — Summary of the identity and number of physiologic forms of Puccinia 
graminis varieties isolated f rom aerial and telial collections, and uredial collections 
made near barberries, 1920-32 


Number of times each form was found 



« Isolated only from barberries. 
^ From selfing only. 
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Table 12 . — Physiologic forms isolated as compared with collections of Puccinia 
graminis varieties cultured 


Physiologic forms isolated from collections of designated spore stages 


Variety 

Aecial 

Uredial 

Telial 

Weighted aver- 
age « 

Ratio '' 

Percent 

Ratio 

Percent 

Ratio 

Percent 

Ratio 

Percent 

P. graminis tritki 

P, graminis sccalis - 

P. 'graminis avenae-.. .. 

Weighted average for 
spore stages 

3.62:1 

3. 00:1 

3. 00:1 

27. 66 
33. 33 
33. 33 

3. 74:1 
3.50:1 
3.33:1 

26. 76 
28. 57 
30.00 

1.76:1 

4. 83:1 

56. 67 
20.68 

3. 15:1 
3. 65:1 
3.20:1 

31. 72 
27. 38 
31. 25 

3.43:1 

29.13 

3.63:1 

27. 52 

2. 57:1 

1 38. 98 

3.28:1 

30. 51 


« As a basis of comparison, the ratio for P. graminis tritici was approximately 100:1 in the general physio- 
logic-form survey, when collections were made at random in the United States and Alexico, that is, 
from approximately each 100 collections a different form was obtained. 

Ratio of number of collections cultured to number of physiologic forms found. 

« Percentage of physiologic forms in terms of the number of collections cultured. 

Evidenth^ barberries are responsible, therefore, not only for the 
production of new forms, but also to a considerable extent for their 
persistence; and in previous publications abundant evidence has been 
presented showing that barberries also are responsible for the dissemi- 
nation of a tremendous amount of inoculum early in the growing 
season. 

SUMMARY 

The writers have investigated the role of barberries in the produc- 
tion and perpetuation of physiologic forms of Puccinia graminis in 
nature. 

During the past 13 years inoculations were made on the common 
small grains with material from 675 aecial collections of Puccvnia 
graminis obtained from the northern part of the United States. Of 
these, 281 caused iiifectioh, 34.2 percent being of the fnffd variety, 
63.7 percent of the secaMs variety, and only 2.1 percent of the averme 
variet}^ 

The relative prevalence of the different varieties of P. gramims 
probably is governed to a considerable extent by the distribution of 
wild grasses susceptible to the different varieties. 

The varietal identity of 138 uredial collections of P. gram mis db- 
tained within 100 yards of rusted barberries also was determined, 
with the following percentages: tritici, 52.2 percent; secaliSj 32.6 per- 
cent; and avenaej 15.2 percent. These percentages probably were 
affected by a certain amount of conscious selection of hosts knowm 
to be susceptible to certain rust varieties. 

The results given above, supplem.en ted by other observations, indi- 
cate that stem rust of rye (P. graminis secalis) is almost w^holly de- 
pendent on barberries for its persistence in the United States. 

From 94 aecial collections of P. gramims tritici, 26 physiologic 
forms were isolated, a different form from approximately every 4 col- 
lections, whereas from about 8,000 uredial collections made at ran- 
dom over a period of years a different form was isolated from about 
every 100 collections. 
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Of the pliysiologic forms isolated from P. grmmms tntici, forms 
36 and 38 were the most prevalent. 

Four forms (62, 102, 104, and 105) never have been isolated from 
any soiiree other than rusted barberries. Forms 61 and 66 were iso- 
lated first from rusted barberries but subsequent^ were isolated 
from rusted wheat also. 

From 71 iiredial collections of P. gramirris trihei rnade near rusted 
barberries, 19 physiologic forms were obtained, one of which (form 48) 
ne ver has been found elsewhere in the United States, although reported 
several times from Canada. 

The results indicate that barberries in nature are responsible for 
the production of new physiologic forms of P. graminis tritici as well 
as for the persistence of numerous forms. 

Twenty-seven aecial collections of P. grainmis secalis comprised 
9 physiologic forms, and 28 uredial collections obtained near rusted 
bushes comprised 8 forms, a far larger niiinber in proportion to the 
number of collections than in the case of uredial collections made at 
random. Forms 7 and 11 were the most prevalent; form 5 has been 
obtained only from aecia or iiredia formed near infected barberries, 
and form 14 was isolated only from aecial collections or was the prod- 
uct of ^hselfing” on barberry. 

Only six aecial collections of P. grarninis avenae were identified, 
forms 2 and 5, which are widely distributed in the United States, 
being isolated, A new form (10), however, was isolated from oats 
near rusted barberries. It is far more virulent on the Richland group 
of oat varieties than either of the other two forms mentioned. 

When barberries were inoculated with telial material in the green- 
house, the ratio between the number of forms isolated and the number 
of telial collections used for inoculating was 2 to 5. For example, 17 
forms were isolated from 30 cultures of P. graminis tritici and 6 forms 
from 29 cultures of P. grarmnis secalis. 

Forms 67, 96, and 127 of P. gramlms tritici^ isolated as a result of 
mociilating barberries with teliospores, never have been obtained 
from uredial material in the field, and another form (101) has never 
been found in the United States except on artificially inoculated bar- 
berries, although it was isolated from uredial material collected in 
Bulgaria. 

Two physiologic forms (4 and 14) of P. graminis secalis were iso- 
lated from artificially inoculated barberries and from naturally 
infected bushes in the field, but form 14 has never been isolated from 
uredial material. 

It is coneluded that in nature barberries are important in the pro- 
duction and persistence of physiologic forms and in the persistence of 
certain varieties of rust, especially P. graminis secalis and probably 
P, graminis agrostidis md P. gramims poae also. 
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SIZE AND ARRANGEMENT OF PLOTS FOR YIELD TESTS 
WITH CULTIVATED MUSHROOMS ‘ 

By Edmund B. Lambert 2 

Associate pathologist, Division of Mycology and Disease Survey, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Numerous studies have been made to determine the most efficient 
plot technic for various agronomic and horticultural crops under 
different conditions. A bibliography on this subject has been 
published recently.^ 

In the few papers dealing with the results of yield tests in experi- 
ments with the cultivated mushroom (Agarieus campestris L.) a 
discussion of plot technic has been entirely neglected. Yet plot 
technic is of unusual importance in mushroom tests since there is 
normally more variability in mushroom beds than in ordinary field 
plots and the experimenter has an unusual opportunity to control 
conditions. Furthermore^ the number and size of experimental 
plots must be reduced to a minimum because the labor and expense 
of yield tests is increased tremendously by the mushroom^s habit of 
fruiting continuously for 3 or 4 months. 

In commercial practice mushrooms are usually grown on shelf beds 
in windowless sheds or houses. An average mushroom house is 
about 60 feet long and contains 2 tiers of 5 or 6 shelf beds in which the 
individual beds are 24 inches apart. The beds are 5 or 6 feet wide 
and run the entire length of the house, except for a narrow passageway 
at each end of the house.^ As a result of the placing of uprights and 
bed supports at 4-foot intervals along the bed (fig. 1), the beds are 
normally subdivided into small sections 4 feet wide and extending 
across the bed. 

These structural features suggest at least four convenient units of 
bed space which might be used for yield trials — entire houses, tiers of 
beds, beds, and sections. 

Practical experience soon shows that entire houses are not suitable, 
for differences in compost heaps and in the prevalence of fungus 
diseases and pests in the various houses more than counterbalance 
the advantages gained by the large area harvested. Tiers of beds 
are preferable to entire houses, since comparisons may be made among 
test areas located in the same house, and since the beds are made from 
the same compost heap. For most experiments, however, this 
arrangement is not satisfactory because it precludes replication of the 
experimental areas owing to the fact that there are only two tiers 
of beds in a house. These objections do not apply to the use of beds 

1 Received for publication Jan. 2 , 1934; issued July 1934. 

2 The writer gratefully acknowledges his indebtedness to h. F. Lambert and L. R. Downing, w'ho eon- 
ducted the yield tests at Coatesville, Pa., and Downingtown, Pa., respectively; to L. R. Fate, Division of 
Mycology and Disease Survey, for assistance in the arithmetical calculations; and to F. E. Immer, Division 
of Sugar Plant Investigations, for helpful suggestions pertaining to the analysis of the data. 

3 Garber, R. J., Love, H, H., Mooers, C. A., and Eiesselbach, T. A. standardization of field 
EXPERIMENTS. Jour. Amer. Soc. Agron. 22: 1056-loaL 1930. 

AFor a perspective drawing of a standard mushroom house, see the following publication; Lambert, 
E. B. MUSHROOM GEOWINO IN THE UNITED STATES. IJ.S. Dept, Agr, Oirc. 261, 35 pp., illus. 1932. 


( 971 ) 


Journal of Agricultural Ras^rch, 
Washington, D.C. 


Vol. 48, no. 11 
June 1, 1934 
Key no. G-909 



972 


Journal of Agneulfvral Research 


Voi. 48, no. 11 


OF smaller plots, such, as sections or groups of sections, for test units. 
Therefore, ;for most experiments beds or parts of beds would seem 
to be, a priori, the proper experimental units. 

The choice between entire beds and smaller plots depends largely 
on the coiiiparative variabili ty of the yields Iroiii these units. The 
experimeii.t3 outlined in this paper were designed primarily to throw 
light on this question and on the problem of plot arrangement. 

MATERIAL AND METHODS 

The experiiiieiits were conducted as simple imiforinity trials. They 
were iriade in the Department’s experimental mushroom cellar at the 
Arlington Experinieiit Farm, Rosslyiq Va., and in commercial houses 



Figure 1.— •Experimental miisliroom beds at Arlington Experiment Farm, Rosslyn, Va,, divided into 
42-f^eetion plots 2 feet wide and extending across the bed. Note the placing of upright supports at 4-foat 
inrervuU; this is tiie stand-ird arrangement in commercial houses and the beds as a matter of conveuienee 
are usually tlllel with sections as unit areas, by unloading 10 or 12 bushels of compost at one time in the 
area between upright supports. 

at Downingtown and CoatesYilie, Pa. The manure was composted 
in the regular manner, and the beds were filled with compost at the 
rate of approximately 1 bushel for 2 square feet of bed space. At 
Arlington Farm and Downingtown the beds were filled by emptying 
10 bushel baskets into each 4-foot section on beds 5 feet mde and 12 
biisbel baskets into each section on beds 6 feet wide. At CoatesviUe 
2 sections weie filled at one time with 24 bushels of compost. In each 
experiment the composting in the heap was done as uniformly as 
possible, the .yinie batch of spawn was used for the entire surface, \and 
the easing soil was from a single source in each house. The sections 
at the ends of the beds were discarded because the yields from these 
sections are frequently reduced by excessive drafts. The picldng was 
done at intervals of from 1 to 3 days until the beds were practically 
exhausted. In this connection it should be noted that the production 
period was terniinated at Arlington Farm by a spell of hot weather 
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and the lower beds, which were slow to start, were injured more than 
the upper beds. 

At xlrlington Farm the total experimental area consisted of 5 beds 
each divided into 10 plots one half section (2 feet) wide (fig. 1). At 
Dowiiingtown 5 beds were each divided into 10 plots one section (4 
feet) wide. At Coatesville 4 beds were each divided into 10 plots one 
section (4 feet) wide. The yields given in table 1 for the separate 
plots are the sums of all the daily jdelds taken over a period of 3 
iiionths for each plot. 

The “analj^sis of variance’^ method, devised and described by 
Fisher/ was used for analyzing the data. An arithnietical procedure 
was fol]o%ved similar to that outlined by Fisher and Wishart.^' 

ANALYSIS OF YIELD DATA FROM UNIFORMITY TRIALS 

ARLINGTON EXPERIMENT FARM, ROSSLYN, VA. 

The yields of the 50 individual plots on the 5 experimental beds 
at Arlington Farm are given in table 1. If the 10 plots are considered 
as separate treatments and the beds as replicate blocks of these 
treatments, an analysis of variance, as shown in table 2, may be 
calculated that helps to clear up many of the points with which we 
are concerned. 

Table 1 . — Yields of ‘mushrooms in 3 uniformity f?'ials 


YIELD PER 10-S QUA RE-FOOT PLOT IN EXPERIMENTAL HOUSE AT ARLINGTON 
EXPERIMENT FARM, ROSSLYUN, VA. 


Bed no. 




YGeld from plot, no.- 

- 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1,:..,. 

Ounces 

,382 

Ounces 

263 

Ounces 

1 242 

Ounces 

312 

Ounces 

184 

Ounces 

226 

Ounces 

283 

Ounces 

273 

Ounces 

272 

Ounces 

262 

‘1 

286 

338 

! 239 

336 

239 

297 

2X6 

231 

220 

266 

3 

153 

154 

143 

175 

167 

203 

209 

■ 170 

203 

201 

4 

145 

143 

158 

170 

176 

1 174 : 

127 

I 167 

133 

153 



162 

148 

158 

194 

176 

j 181 ! 

183 

1 239 I 

210 : 

i ■ 

193 


YIELD PER 24-SQUARE-FOOT PLOT IN A COMMERCIAL MUSHROOAI HOUSE AT 

DOAVxNINCxTOWN, PA. 



Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 



21 

21 

25 

24 

28 

30 

20 

24 

25 

24 

9. 

36 

27 

32 

27 

28 

27 

24 

38 

30 

■23 

■3 

20 

20 

20 

29 i 

i . 15 ; 

24 ; 

36 : 

29 

21 

30 

4 — . 

28 

25 

16 

22 ! 

1 23 

24 ; 

20 

21 

20 

27 

5_.-_ J 

! 

24 

21. 

19 

36 1 

! 26 ' 

1 

33 i 

28 

. 1 

24 

32 i 

' ■ 1 

23 


YIELD PER 24-SQIJARE-FOOT PLOT IN A COMMERCIAL MUSHROOM HOUSE AT 

COATESVILLE, PA. 


. 1 ,. 

31 

36 

42 

37 

50 

45 

42 

40 

43 

37 

2 .... 

4.2 

41 

41 

42 

41 

31 

45 

47 

.■■■V 45 

42 



43.: 

40 i 

41 

40 

' .40 

50 

■ 37 1 

, 45' 

. ■ *^6 

39 


■■'.' 31', 

34 ; 

42 

35 

. . ! 

k' .':42- 
1 .. ■ ' 

37 

41 

41 

[■ ■ ■■■■41 'i 

.. ., 43 


5 F'isher, R- a. statistical methods for research; workers, Ed. 3, rev. and eiil., 283 p., illus. 
Edinburgh and London. 1930. 

6 and Wishart, J. the arrangement of field experiments and the statistical reduction 

OF THE RESULTS. Imp. Bar. Soil Scl. Tecti, Commun, HO. 10, 24 pp. 1930. 



ARLINaTON EXPERIMENT FARM, ROBSEYN, VA. (YIELD IN OUNOEB) 




COMMERCIAL MUSHROOM HOUSE AT DOWNINGTOWN, PA. (YIELD IN POUNDS) 
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In, the reduction of the data the first objective was to determine 
the comparative efficiency of beds talmn as a whole and of smaller 
plots such as sections or groups of sections. The data indicate higher 
variability between beds than between smaller plots (within beds) and 
lend tbeniselves to the application of Fisher^s^s test to determine the 
statistical significance of this difference, '^^'hen Fisher’s table 
is consulted it is apparent that the observed value of exceeds the 
l-percent point in all cases, and it may be concluded that the differ- 
ences are significant. The odds are more than 100 to 1 that such a 
difference would not occur as a result of chance variation. Since the 
variance between beds was significantly greater than the variance 
within beds, the data indicate that greater precision can be expected 
with smaller plots, and justify the arrangement of plots in the beds 
so that the variance between beds can be eliminated in calculating 
the standard error. In practice this would mean the random dis- 
tribution of treatments on the beds wfith the restriction that each 
treatment shall occur once on each bed. 

Conceivably, there might be conditions in the mushroom house 
that would bring about a consistently larger yield at one end of several 
of the beds analogous to the fertility gradients frequently encoun- 
tered in soil-heterogeneity studies. Under these conditions there 
probably would be justification for arranging the plots in 5 by 5 
Latin squares, in which the plots in each bed would constitute the 
rows and the plots one above the other or opposite one another in the 
house would constitute the columns of the square. Since all the plots 
have been treated uniformly the justification for such a procedure 
can be tested from the data in table 1 by calculating and comparing 
the variance between columns with the variance within columns and 
blocks. This comparison also is given in the analysis of variance 
shown in table 2. In tins case the variance due to the interaction of 
beds and columns (error) is larger than the variance between columns, 
indicating that there would be no significant gain in the precision of 
the experiment by arranging the plots in a Latin square. 

The next point of interest to be considered is the gain or loss in 
efficiency from the use of different-sized plots, such as one-half section 
(10 square feet), full section (20 square feet), or 1% sections (30 square 
feet). In a series of analysis of variance as shown in table 2 the 
standard error in percentage of the mean, or coefficient of variability, 
was found to be reduced from 17.24 for one-half sections to 13.6 for 
enthe sections, and 12.4 for IJi sections (triple plots). On a plot 
basis this indicates a gain in precision with increase in plot size, but 
fuU-section plots take up twice as much space as the J^-section 
plots and IK-section plots take up three times as much space. Tins 
raises the question of the relative efficiency of section plots, 
full-section plots, and triple plots when the same area is used in each 
case. Iminer ^ gives a method of determining the efficiency of plots 
of varying size and shape, calculated on the basis of variance per unit 
area of land, that can be used to answer this question. With the 
small plot as a standard, the relative efficiency of the larger plots 
was found by multiplying the square of the coefficient of variability 
per plot by the quotient of the area of the larger plot divided by the 
area of the sm all plot and expressing the result in percentage of the 

WITH SUGAR BEETS. Jour, 
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square of the coefficient of vaiiability of the small plot used as a 
standard. When calculated in this way, if the } 2 “Section plot is 
considered as 100 percent efficient it becomes apparent tliat on an 
area basis the efficiency of the full section is only 80.3 percent and the 
efficiency of the lli-section plot only 68.3 percent. In other words, 
under the conditions exemplified by the plots studied, 10 replications 
of )4-section plots are preferable to 5 replications of entire sections; 
and 15 replications of ^-section plots 
are preferable to 5 replications of 1 ^ 2 - 
section plots. 

Theoretically it seems probable 
that the customary method of filling 
the beds with compost and of using 
sections in the beds as units for filling 
would cause a greater variability be- 
tween normal sections than between 
areas of similar size that do not coin- 
cide with the sections on the bed. 

The data at hand offer a means of 
testing this hypothesis. It is merely 
necessary to shift over one plot before 
pairing the yields of the K-section 
plots to obtain for consideration a set 
of yields from areas equal in size to 
sections but overlapping the normal 
sections in the bed. If the foregoing 
conjecture is correct the coefficient of 
variability calculated from these units 
of area should be lower than the co- 
efficient of variability calculated when 
normal sections are used as plots. An 
analysis of variance based on 4 shifted 
plots in each of 5 beds, as shown 
graphically in figure 2, gave a coeffi- 
cient of variability of 9.57 in contrast 
to the coefficient of variability of 13.6 
obtained for normal sections. The 
conclusion, therefore, seems justified 
that less variability may be expected 
when the experiment is so arranged 
that the areas used as units for harvesting do not coincide with the 
areas used as units for filling the beds with compost. On an area basis 
the overlapping plots were 201.9 percent as efficient as the normal 
sections and 162.2 percent as efficient as the K-section plots. 

DOWNINGTOWN, PA, 

The yields of 50 plots from the five experimental beds at Do wming- 
town, Pa., are given in table 1. 

When the analysis of variance summarized in table 2 is applied to 
these data the value of 0 obtained from a comparison of the variance 
within beds with the variance between beds is 0.47468. 
slightly less than the fi-percent point, and indicates that, unlike the 
Aldington Farm experiments, the precision of the experiment was not 


A 

B 

C 


D 



FiGiTEE 2.“-Diagram showing relative size and 
arrangement of plots in typical blocks. A-D, 
Plots at Arlington Expefinient Farm, Kosslyn, 
Va.: A, 2-foot plots, 10 plots per block (or bed) , 
5 blocks (total area); B, 4-foot plots, 5 plots 
per block, 5 blocks; C, 6-foot plots, 3 plots per 
block, 5 blocks; 1), 4-foot plots, 4 plots per 
block, overlapping units of filling, 5 blocks. 
Band F, plots at Powmingtown, Pa.: B, 4-foot 
plots, 10 plots per block, 5 blocks; F, 8-foot 
plots, 5 plots per block, 5 blocks. Q~I, plots 
at Coatesville, Pa.: G, 4-foot plots, 10 plots 
per block, 4 blocks; H, 8-foot plots, 5 plots per 
block, 4 blocks; /, 8-foot plots, 4 plots per 
block, overlapping units of filling, 4 blocks. 
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sigiiificaiitlT increased the arrangement of the ^ plots to facilitate 
elmiiiiatioii of the variability between beds. In like manner it was 
shown that there is no justification for arranging the experiment in 
Latin squares and removing variability due to columns. On an area 
basis, however, there can be little doubt of the advantage of using 
replicate small plots rather than entire beds. 

The coefficient of variability, calculated froni the total variance 
for the data obtained by harvesting plots coinciding with sections on 
the bed (table 2), is 19.7. '\¥hen the ^area of the plot is doubled 
(fig. 2 and table 2 ) the coefficient of variability drops to 14 .8 . The lower 
coefficient of variability is to be expected both on the basis of the 
increase in the size of plot and the dissimilarity of the area used for 
harvesting and the area used for filling the bed with compost. How- 
ever, on an area basis the double section is only 88 percent as efficient 
as the section plot. 

COATESVILLE, PA. 

The yields of 40 plots from the 4 experimental beds at Coatesville? 
Pa., are given in table 1. 

An analysis of variance applied to these data leads to conclusions 
similar to those derived from the experiments at Downingtown. Here 
again it is evident that small plots are preferable to entire beds on an 
area basis altliougli there was no significant gain in the precision of 
the experiment by accounting in the analysis for the variance between 
beds or between "columns. The coefficients of variability calculated 
from the total vaiiance for single sections and double sections, respec- 
tively, "were 10.6 and 7.2 (table 2). This expeziment differed from the 
previous ones in that on an area basis the double section was slightly 
more efficient (108 percent) than the single section. 

It should be recalled that in this experiment the units used for 
filling the beds with compost were double sections corresponding 
to plots 1 and 2, 3 and 4, 5 and 6, etc., in table 1. Theoretically 
the coefficient of variability should be lower if the yield data are 
combined so that the double sections used for plots in harvesting do 
not coincide with the areas used as units for filling the beds. To test 
this conjecture the coefficient of variability was calculated from the 
double sections 2 and 3, 4 and 5, 6 and 7, etc., as plots. With plots 
arranged in this way the coefficient of variability drops to 4.1. This 
corroborates the evidence in the Arlington experiments in favor of 
arranging the plots so as not to coincide with areas used as units in 
filling the beds. On an area basis double plots harvested in this 
manner are 308 percent as efficient as the double plots harvested from 
the same areas as were used for filling the beds and 334 percent as 
efficient as the single sections.' 

DISCUSSION AND CONCLUSIONS 

The foregoing experiments demonstrate conclusively that small 
plots are preferable to entire beds as experimental units in a mushroom 
house. The variance of the small plots was in all cases less than the 
variance of entire Leds. Furthermore, the small plots permit a 
greater number of yield comparisons on the same area and also permit 
increased precision through replication and through the arrangement 
of the plots so as to reduce the effect of compost heterogeneity and 
account for the variability between beds. 
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The results of the uniformity trials at both Arlington and Coatesville 
indicate an important relationship between the arrangement of the 
plots and the method employed for filling the beds with compost. 
When areas were used for harvesting which were coiiiparable in size 
to the areas used for filling the beds but which oveiiapped the latter 
areas there was markedly less variability than when the same areas 
were used as units for both filling and harvesting. It wmiild seem 
from this that the customary method of filling the beds b}^ emptying 
10 or 12 bushel baskets of compost at a time in each section or by 
emptying 20 or 24 bushels into each double section induces an 
excessive variability in the yields from these areas. It is advisable, 
therefore, to arrange the plots so that they do not coincide with the 
units of area used for filling the beds. Probably a further gain can 
be made in the precision of yield tests by modifying the system of 
filling experimental beds in order to mix the compost and distribute 
it more uniformly in the beds. A practical method of doing tliis is 
to fill the beds by emptying 1 bushel of compost at a time m each 
section at random in the bed until every section has received the 
required amount of compost. 

This method of mixing the compost in the bed should reduce the 
variability between plots on a bed, but probably would have little or 
no effect on the variability between beds. Thei'efore it is necessary 
to account for the variability between beds in the reduction of the 
data. This may be accomplished by randomizing all the treatments 
on each of the beds so that the beds can be considered as replicate 
blocks in Fisher’s randomized-block system of analyzing the data. 
As there was no significant fertility gradient (column effect) from 
one end of the house to the other, randomized blocks are preferable to 
Latin squares in that they leave more degrees of freedom for error 
and thus permit a more precise test of significance. 

The question of the most desirable size among small plots is some- 
what problematic. In all the trials the larger plots varied less than 
the smaller plots, so that more precision can be expected from the 
use of whole sections than )^-section plots, double sections than 
single sections, etc. But in 2 out of the 3 experhnents the increase 
in precision with increase in plot size was not proportional to the 
increase in plot size. In other words, greater experimental precision 
was obtained for a given area by increasing the replication of small 
plots than by increasing the size of the plots. In practice, however, 
it is usually more expensive to increase replication than to increase 
plot size; so the experimenter must reach a compromise, depending 
on circumstances. In the writer’s opinion sections 4 by 5 feet make 
satisfactory plots in a small experimental house such as the one at 
Arlington "Farm and double sections are a good compromise for con- 
ventional houses. This allows the comparison of five different 
varieties or treatments in a single experiment if all the treatments 
are laid out on each of the replicate beds in accordance with the 
I'andomized-block system. 

Before leaving the question of plot size, perhaps a word of expla- 
nation should be offered for an apparent anomaly in the results, 
namely, that increased precision is obtained by increasing the size oi 
the small plots on the bed yet when entire beds are used as plots the 
experiments are less precise. Practical experience suggests that this 
is due to the fact that greater differences may be expected in the 
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riioistiire content of the eompostj diseases, insect flora, and tempera- 
tiire from the top of the house to the bottom than from end to end. 
This is substantiated by the greater variation between beds than 
between coliinins shown in table 2. 

The advisability of replicating treated plots need hardly be dis- 
cussed ill view of the fact, already pointed out, that on an area basis 
ill 2 out of the 3 uniformity trials precision was gained more rapidly 
through replication than through increase in plot size. The question 
at issue is how many replications are advisable under the limitations 
laid down by the conditions of the experiment, the funds available, 
and the structural features of the experimental house. In the 
writer's opinion 5 or 6 replications are a good compromise since they 
will lisiialiy enable the investigator to detect differences in yield of 
approximately 10 percent, due to experimental treatment. If 
greater precision is necessary it can be obtained through increased 
replication, as the randomized-block plan allows as many replications 
as there are beds in the house— usually 12 to 20. When different 
composts are being compared it is desirable to replicate the compost 
heaps ill addition to replicating the plots derived from each experi- 
mental compost heap. 

SUMMARY 

Yield data are discussed from uniformity trials in the experimental 
mushroom house at Arlington Experiment Farm, Kosslyn, Va., and 
in commercial houses at Coatesville and Downingtovni, Pa. 

These tests indicate that small plots are preferable to beds as 
experimental units. Double sections containing from 40 to 48 square 
feet of bed space seemed to be the most practical size of plot for 
experiments in commercial houses. In one of the experiments there 
was a distinct advantage in arranging the plots on the beds so as to 
make it possible to account for the excess variation between beds in 
analyzing the data. 

A gain in precision also was apparent when test plots were so 
arranged that they did not coincide with the areas used as units for 
fillmg the beds. Therefore, a modification of the usual method of 
filling beds is suggested for experimental yield tests. 

At least 0 or 6 replications seem to be necessary. 



MAGNESIUM, CALCIUM, AND IRON REQUIREMENTS 
FOR GROWTH OF AZOTOBACTER IN FREE AND FIXED 
NITROGEN' 

By G. Kenneth Horner, junior scientijic aid, and Dean Burk, associate physical 
chemist, Fertilizef Investigations Unitj Bureau of Chemistry and Soils, United 
States Department of Agricidture 

INTRODUCTION 

Most of tlie investigations concerning the inorganic nutrient re- 
quirements of Azotobader have not involved comparisons of growth in 
the presence and absence of fixed nitrogen. The majorit}'^ have been 
cliiefiy qualitative studies in which free nitrogen gas only was used, 
and they have yielded no evidence as to whether a particular element 
played a necessary role in fixation or was a general growth nutrient. 
Burk and Lineweaver {6) ^ have recently reported an elaborate series 
of experiments with both macrocultures and microcultures (Erlen- 
rneyer and Warburg technic) in which calciiim (or strontium) was the 
only metallic ion found to be specifically required in the catalysis of 
the nitrogen-fixing process at concentrations greater than 0.01 inilli- 
molal. Magnesium and iron (7) w^ere found to be highly stimulating 
to the growth process in both free and fixed nitrogen over the respec- 
tive concentration ranges 0.1 to 3 millimolal and 0.001 to 0.015 
millimolal, but no studies were carried out at lower concentrations to 
ascertain whether these elements were strictly essential. 

The present work has extended these investigations in a quanti- 
tative manner, with particular reference to the absolute growth re- 
quirements. Considerably modified cultural conditions have been 
employed. The experiments have lasted several days or weeks, 
instead of 6 to 48 hours, thereby permitting maximum growth. 
The nutrient media have been maintained at the most recently de- 
termined optimum concentrations with respect to all known nutrient 
requirements except the element or elements under consideration. 

REVIEW OF LITERATURE 

According to Biichanan and Fulmer (o), magnesium is essential to 
the growth of many, though not all, micro-organisms. Linossier (;^^) 
has shown that it is required for the development of Oidium ladisj 
Buromsky (11) that it is essential for the growth of Asfjergillus niger 
and not replaceable by calcium, and Lockemann (23) and Froiiin 
and Guillaumie (IS) that it is not replaceable by calcium, strontium, 
or any of the rare earth metals in the case of the tuberculosis bacillus. 
Froiiin and Ledebt (14) have shown magnesium to be replaceable by 
certain of the rare earths for the production of pigment by BaciMm 
fyhocmeus., : others report stimulating action upon micro- 

organisms at low concentrations of magnesium, wdth toxicity as the 
concentration is increased to 100 to 500 millimolal ; however, essen- 
tialness at very low concentrations has rarely been definitely deter- 
'■.mined. 

1 deceived for publication Jan. 25, 1934; issued July 1934. 

2 Reference is made by number (italic) to Literatixre Cited, p. 994. 
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M:ippel and Stoess {27) concluded from experiments' with a variety 
of bacteria and fiiiigij as well as' from a review of the literature, that 
calciioii is not a generally indispensable nutrient foiymicro-organisiiis 
but is occasionally necessary for some special physiological process, 
such as nitrogen fixation by Azoiobacter. On the basis of his compre- 
heiisive experiments concerning the calcium, requirements of living 
forms, Loew (<^4.) concluded that most lower organisms, in contrast 
to the algae .and higher organisms, -rarely contain calcium. 

Krzeniieiiiewska X21)y vdio has macle one of the few quantitative 
studies of the inorganic nutrient requirements of AzotohacUr, found 
that 0.16 millimolal of magnesium and 0.12 inillimolal of calcium 
were necessary for maximum growth, whereas zero concentrations of 
either substantially pre vented all growth and nitrogen fixation. The 
experiments were carried out in free nitrogen only, however, so that a 
comparison of the action of either element on the growth and fixation 
processes wns not possible. Schroder {29) found calcium not to be 
essential for Azotohader growth in fixed nitrogen, but stimulating, and 
concluded that this eflhct was due more to a neutralizing action than 
to any specific eflhct of the calcium ion. Stapp and Ruschmann {30) 
found little or no beneficial effect of calcium in a medium containing 
nitrate. 


Very little work has been carried out on the iron requirements for 
bacterial growth because the limiting concentration range is usually 
about one'-thousandth that of elements such as magnesiiiin or calcium, 
and most culture media, especially those containing organic nutrients, 
generally contain sufficient impurit}’' to produce maximum growth. 
A brief review of the most pertinent previous investigations on general 
bacterial growth is given by Buchanan and Fulmer (5, p. 417.), 
Previous work with respect to Azotobacter has been reviewed elsewhere 
( 7 , pp. 441M42)- 

METHODS 


Several media were employed, termed ^‘basar^ (A), “ customary 
(B), “altered” (C), “humate-free” (D), and “charcoal-treated” 
(E). The basal medium A consisted of 0.64 g (3.68 millimolal) K2HPO4 ; 
0,16 g (1.18 inillimolal)TxH2P04; 0.2 g (0.81 millimolal) MgS047H20; 
0,05 g (0.29 millimolal) CaS042H20; 0.2 g (3.42 millimolal) NaCl; 
0.5 mg (0.009 millimohd) Fe as synthetic humate iron®; and 20 g 
(55.5 millimolal) MallinckrodPs sucrose crystals per liter. This 
mediimi was used as a standard control in most of the work. It pro- 
vided a heavy growth of Azotobacter {20 mg organic nitrogen per 100 cc) 
and did not precipitate upon being sterilized. Customary medium B, 
employed previously (d, 7), contained 1 percent glucose instead ^ 2 
percent sucrose, no humate iron, and slightly more calcium and phos- 
phate. Altered medium C contained more" or less added Ca or Mg 
than basal medium A; it precipitated upon standing if the Mg 
content were lowered to 0.04 millimolal or the Ca or phosphate 
contmt increased 20 percent or more. Humate-free medium D 
consisted of basal medium A with no Fe added as humate 'iron, 
Charcoahtreated medium E was prepared by shaking 1 1 of humate- 
free medium D with 75 g of purified Baker's animal charcoal, allowing 
to stand for several days, and filtering, Humate iron was added to 
the filtrate be fore use in order to insure -optimum iron 'for growth. 

sXor method of preparation seethe folio wiug publication; Hoener,, G. K., -■!)., ana Hoover, 

fc. E. THE F.REPA RATION 0,F HUM ATE IRON AND OTHER .HUMATE METALS. Plant PhySlol. (In preSS.) -1934. 
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Preliminary purification of the charcoal in order to remove consider- 
able amounts of adsorbed gases and other impurities was accomplished 
by leaching 3 to 6 times at intervals of several hours with equal 
weights of 6 N HCl and finally washing on a Buchner filter with 
dilute alkali and then distilled water until the wash water was neutraL 

Fixed nitrogen when employed was added at the rate of 100 to 200 
mg (7.1 to 14.2 millimolal) per liter, as KNO3, NH4CI, or urea. ^ 

Erlenmeyer or Florence flasks of 150 to 250 cc capacity containing 
15 to 25 cc of nutrient solution and plugged with cotton were emplo3md 
as culture flasks. Sterilization was accomplished by autoclaving for 
10 minutes at 15 pounds pressure, 20 percent extra distilled water 
being added to each flask to make up for loss hj evaporation. The 
culture flasks were inoculated with 3 drops of culture grown in aeration 
bottles containing 100 cc of customary medium. In the experiments 
where it w^as desired to minimize as much as possible any Ca or Mg 
carried over by the inoculum, heavy 2- to 7~day cultures were diluted 
50 to 100 times with sterile medium free from these elements. The 
cultures were incubated in duplicate or triplicate at 28° to 30? C. for 
2 to 10 days, occasionall}^ longer, with frequent observations. 

Growth was measured turbidimetrically with a Bausch & Lomb 
nephelometer, corrections being made for any significant original 
turbidity^ in uninoculated cultures (cultures of low Mg content). 
The original and final pH values were measured colorimetrically by 
using the various La Motte indicators and standards. The original 
pH of all media was 7.0 ±0.2. In general, the pH values tended to 
decrease a maximum of 1 to 2 units with increase in growth, except in 
the case of cultures with nitrate, where the values often increased. 
The buffering capacity of the medium was substantially independent of 
the Ca or Mg concentration, being controlled chiefly by the phosphate 
concentration. In general, the sugar was rarely entirely consumed hj 
the end of an experiment. 

The organism employed was Azotohacter tmelamdiij capable of very 
active nitrogen fixation and long in use at this laboratoiy . According 
to the recent work of Kluyver and van Eeenen (18), this spedes is the 
common motile form of Azotohacter j of relatively small size, occurring 
in soils. It produces a green fluorescent pigment, and at times as- 
sumes either a lighter, yellow, or darkeiypink or purple, tinge, especially 
in the presence of molybdenum. 

EXPERIMENTAL RESULTS 

MAGNESIUM AND CALCIUM 

Tables 1, 2, and 3 show fair examples of the relative growths 
obtained with Azotohacter with a wide variety of Mg and Ca concen- 
trations under otherwise approximately optimal conditions. The 
ratios of growths in altered media C to those in basal medium A are 
given as the most direct means of comparing the results in the different 
experiments at various stages of growth and with the three forms of 
nitrogen employed. Table 1 shows the effect upon growth of lowering 
either Mg or Ca while the other element is kept constant at the usual 
concentration; the results with varying Mg in the 10-day experiment 
are;plotted:in' figure' 1., 

In general, the fraction of noimal growth at any concentration of 
Mg is roughly the same in free or fixed nitrogen, although the actual 
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growtli iiiaj b€^ 2 to 4 times as great in the latter. The fraction tends 
to become siiialler with the duration of the experiment and extent of 
growth, as would be expected if Mg were an essential cell nutrient. 
In other expeiiiiieiits lasting 30 to 40 days, cultures without Mg were 
only about one-hundredth as turbid as the basal medium controls. 



Tlie growth of Azotobacter, independently of the source of nitrogen, 
decreases from normal at 0.05 to 0.1 millimolal Mg to one-fiftieth to 
one-liundredtli of normal at 0.002 millimolal Mg (estimated maximum 
impurity in basal medium and inoculum). 

Tab^b 1. — Effect of Ca and Mg co7icentrutions upon Azotohacter growth and 

fixation 




^ altered medium C . 

Growth (turhidity) ratio, « ~rr — r- 

basal medium A 

, ' Ca 

:ug 

Experiment 1 , 3 days 

Experiment 2, 10 days 



Nj (air) 

KNO 3 

Urea 

Ns (air) 

KNO 3 

Urea 

mniai 

f'0.29 

m&lai 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

; . 21 ^: 

.081 i 

1.000 

.573 

.940 

1.320 

1. 240 

1. 300 

, .29 ; 

.OtU 1 

.356 

.382 

.658 

.450 

.873 

1. 270 

j . ' 2(1 ; 

.040 ; 

.330 

.339 

.439 

.367 

.855 

.795 

i .29 

JI 20 1 

■ . ‘m 

,329 

.387 

.306 

. 640 

.306 

i .29 

.«)8 ! 

.319 

- 329 

.327 

.181 

.423. 

.183 

1 , 2 *.^ , 

.(xa 

. 319 

.267 

.204 

.122 

.350 

.144 

i .29 

.000 i 

.257 

.114 

.084 

.037 

.141 

. 066 

1 . 15 

.810 1 

: .808-, ■ 

. 958 

.800 

, .718 1 

.953 

1.120 

. m , 

i .810 ■ j 

' . 628 . 1 

1.040 

.648 

.768 1 

1. 050 

1.220 

.TO 

.810 

! .’532 

. 840 

.550 

, ■ .568' 1 

1.295 

1. 190 

. IMK 

.810 

.172 : 

.710 

.523 

.437 ■; 

.940 

1. 060 

.tti ‘ 

.810 ^ 

.130 

. 545 

.470 

■ ■".295 ■■’ 

. 606 

1.190 


'pReMive growth in basal meatuiii A— Ns: NOanirea (34ays)''==I:3.7:3.7;.(10 days) ==l:3.0:4.1. 
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Table 2. — Effect of variable CaAIg ratios upon Azoiohacier growth and fixation 


Ca 


Mg 


Ca/AI« 


Growth (turbidity) ratio/ 


altered medium C 
basal medium A 


Experiment 1 , 4 days 


Experiment 2, T days i Experiment 3, 11 ) days j 





Xo(air) 

KNO.^ 

Urea 

N 2 (air) 

KKOs 

Urea 

XTi (air) 

KNOs 

Urea | 

MUii- 

Milli- 










I 

molal 

molal 











0. 290 

0.0 

00 

0. 162 

0. 628 

0.230 

0. 101 

0.315 

0. 093 

0.032 

0. 332 

0.073 1 

. 029 

.0 

03 

.085 

.424 

.280 




.069 

.202 

. 085 ! 

.012 

.0 





.oie 


.074 




.290 

.081 

3. 58 

1. 220 

.695 

1. 565 




.981 

.935 

1.010 1 

.012 

.016 

. 75 




.015 

.589 

.448 



1 

* . 006 

.008 





.018 

.438 

.214 



1 

. 290 

KSIO 

.36 

LOGO 

1.000 

i. 000 

1. 000 

1.000 

1. 000 

i.ooo 

1.000 

1. 000 1 

i . 087 

.240 

.36 

.918 

.742 

1. 190 




1 . 705 

i . 565 

1.000 ! 

.029 

.081 

.36 

. 166 

.935 

. 878 




I .158 ' 

: .935 

. RH5 I 

1 ‘^.004 

« .028 

.14 

. 130 

.653 

. 638 

.009 

.667 

1.000 

i . 016 

i . 556 

1.030 j 

1 .029 

.81 

. 036 

.695 

.910 

.878 




i , 276 

.764 : 

, 788 i 

. 029 

2. 43 

. 012 

i . 855 

1.125 

.553 




i .329 

. 658 

. 963 1 

. 029 

4. S6 

. 006 

1 .618 

1.125 

.807 




! . 287 

i .633 

1.030 1 

.0 

4. 86 

.0 

1 .297 

.963 

. 745 




i . 158 

. 568 

.980 i 

.0 

2. 43 

.0 

1 . 364 

1. 030 

1.090 


i 


I .333 

! .475 

. S7S i 

. 0 

.81 

.0 

.173 

.910 

1. 150 

.164 

1 . 642 

.972 

i .142 

.424 ' 

1.050 ! 

.0 

. 081 

.0 

. 067 

. 963 

.807 


1 


! . 037 

i . 742 

. 953 

.0 

1 .016 

.0 




.020 

i . 547 

.396 

i 



.0 

! 

1 .0 


.068 

.454 

.214 

. 013 

i - 31 " 

. 108 

1 .010 

.263 

.089 


« Relative growths in basal medium A— X 2 :NO;s:urea (4 days) *= 1.0:2. 7:4.8; (7 days) =1.0:L4:2.1; (10 days) = 
l.0:0.9:1.5. 
i> Basal medium A. 

Charcoal-treated medium E. 


Table 3. — Influence of Ca in medium and inoculum upon growth in free and fixed 

nitrogen 






Growth (turbidity) in 

Nitrogen source 


Ca in 

Cain 





medium 

inoculum 

2 days 

3 days 

6 days 




f “ + 

0 


37 

123 

N 2 . 


1 + 



36 

107 

24 

— 

■j h ^ 

A + 


- 



1 


6 

26 



1 + 

+ 

58 

121 

234 

KNf'" 


+ 

— 

56 

92 

65 

227 



1 - 

+ 

25 

286 



1 

— 

25 

75 

149 



\ + 

+ 

44 

2:12 

484 

Tii’ca 




34 

43 

172 

1 209 

374 



I - 

+ 

1 472 



[ _ 


29 

; 121 

! 455 



f + 

+ 

88 

166 

231 

NH 4 CI ■- 



+ 

52 

81 

141 

83' 

^ 231 

i ■ ■ 123 :■ 



I “ 



t ” ! 


60 

100 

140 




+ 

63 

167 

'■',,316" 

Average of KNO 3 , urea. 

and 


_ 

47 

. 135 

■ 277 '■ 

isjH/m 


1 ~ i 

+ 

50 

179 

■' "■ 293', 


1 - 1 


1 38 

99 

248.. 


“ oasaj. meuuiuj. iv. 

Altered medium C (basal medium A without Ca). KN Os present in Ca-frec medium used to prepare 
inoetilum: .^iich inoculum grown for 3 transfers previous to use. 

When tlie Ca of the inecliiiiii is lowered, a difrerent relationship is 
seen to exist. Whereas the growth in fixed nitrogen may be de- 
creased a maximum of 50 percent, that in free nitrogen is lowered 
70 to 90 percent when but traces of Ca are present. Ca deficiency is 
more pronounced in the early stages of growth in both free and fixed 
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riitro 2 :en. As g-rowtli progresses the need for Ca in fixed nitrogen is 
practicallY millified; aiid^" whereas a definite effect remains in free 
iiiti’ogen, after a sufficient time (30 to 40 da 3 "s) nip'e traces of Ca will 
permit 25 to 50 percent of normal growth. This substantiates the 
coiiception that Ca acts in a truly catalytic role in nitrogen fixation; 
oiiir traces are absolutely necessary provided sufficient time is allowed, 
but relatively high concentrations are required to produce a maxi- 
niiim rate of fixation. The Ca needed for normal maximum growth in 
free nitrogen is 0.15 to 0.30 millimolal or practical^ saturation (0.36 
millimolal), and this range appears to hold also in the earl}- stages of 
growth in fixed nitrogen, but decreases after several da^^s to less than 
0.01 millimolal in nitrate and presumably to zero in urea (and am- 
monia). 

The decrease with the duration of the experiment in the Ca require- 
ments for growth in fixed nitrogen is indicated in table 3. The cul- 
tiiiing of the iiioculuin for several previous transfers in Ca-free medium 
does not eiiahle the organisms to become adapted to such a medium 
since somewhat less growth is obtained, as compared to inoculum 
grown ill a medium containing calcium. This is best seen in the 
^‘average” values and tends to indicate a very small but definite Ca 
requirement in fixed nitrogen for entirel\" maximum, as distinguished 
froiii approximately maximum, growth. It is seen that the Ca re- 
quirement in free nitrogen remains considerable even after 6 days, 
the ratio of growth in its presence and absence (except for impurities) 
being 6 to 1 at 3 dnjs and 4 I 2 to 1 at 6 days. 

In table 2 are given the growth ratios with a variety of Ca/Mg 
ratios principally" imder suboptimal concentrations of both elements. 
The most definite results are obtained with the older cultures. It is 
seen that little if any effect can be attributed to the Ca/Mg ratio, as 
has been reported frequently with supraoptimal concentrations with 
various organisms in connection with antagonism (5, pp, 282-284 j 
'S56-Bd9), The independent effect of each element can be analyzed. 
Varying the Ca in the absence of Mg has very little effect in any "case, 
since the lack of Mg is already^ hmiting the growth almost completely^. 
The two 0.75 Ca/Mg ratios show no significant difference in N 2 , the 
Ca and Mg both being higldy limiting; in fixed nitrogen the decrease 
corresponds to the Mg decrease. The three 0.36 ratios, with wfidely 
varying concentrations of the two elements, show definite decreases 
of growth in N 2 (due to calcium deficiency), but relatively little in 
fixed nitrogen. Keeping the Ca constant at 0 or 0.029 iiiillimolal and 
increasing the Mg sixfold from 0.81 to 4.86 inillimolal causes no con- 
sistent significant change in the amount of growth. As indicated 
previously, toxic effects are obtained at concentrations much greater 
than 4.86 millimolal (6 “customary”). 

The charcoal treatment of basal medium A w"as developed to re- 
move, if possible, some nutrient or nutrients specifically required in 
growth 0.7 fixation, either in large or very small concentration. Hop- 
kins (17) used this method (without the charcoal purification) to 
remove traces of iron from dissolved sugar. As shown in table 2 
(CaAIg^O.14), the effect of the treatment can be attributed almost 
entirely to the Ca and Mg removed; the^Ca was, foimd, upon analysis, 
by an oxalate precipitation method, to have been reduced to about 
one-seventieth, and the Mg, by an ammonium phosphate precipita- 
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tion jiietlpd, to one-tliirtietli of the original concentrations, Tlie ,IV:Ig 
p.taiiied is still siifficient to permit 50 to 100 percent normal growth 
in fixed nitrogen, whereas in free nitrogen the comhined Mg-Ca de- 
ficiency permits but slight growth, owing chiefly to lack of 'Ca and 
secondarily to lack of Mg; the effect of Mg deficiency is enliaiiced at 
low Ca. The average growth ratios in the charcoal-treated medium 
E for seven different 6 - to 10-day experiments were: No, 0.015; KNO 3 , 
0.595 ; urea, 0.715. As may be seen in table 2, these growth ratios are 
approximately those obtained when the same order of Ca and Mg con- 
centrations are added intentionally in making up altered media. 

The preponderant influence of Ca-Mg deficiency in the charcoal- 
treated medium E was also demonstrated by determining the effect of 
adding thereto the different basal mediunfA salts separately. The 
KH2PO4, K2HPO4, and NaCl caused substantial^ no improvement. 
Humate iron was normally added to all charcoal-treated mediimi E, 
but special experiments involving its omission showed that it likewise 
was not beneficial. Table 4 shows the effect of adding Mg and Ca 
separately and together to the charcoal-treated medium E. The most 
striking results, as would be expected, are observed in free nitrogen. 
Ca alone increases the growth about 7 times, Mg about 18 times, and 
both together about 45 times, or to within 25 percent of that in basal 
medium A. The fact that Ca and Mg together did not cause com- 
plete recovery indicates that some other slight inhibiting factor may 
be involved in the charcoal treatment, but a 10- to 30-perceiit Amriation 
can be expected in the methods of culturing and measurement em- 
ployed. Since the deficiency in the case of fixed nitrogen is not 
sufficient to cause more than tliis amount of inhibition, no definite 
beneficial effect of the added Ca and Mg can be detected. Neither 
the Ca nor the Mg alone is sufficient to return the growth to normal 
since the other element is ahvays deficient. "^Vlien either Mg or Ca 
solutions (of basal medium A concentration) are treated Avitli charcoal 
and added to the other salts untreated, both media so obtained show 
groAvth inhibition, as wmuld be expected. This inhibition is overcome 
by adding Mg or Ca, respectively. Similar treatment of phosphate or 
NaCl solutions yields no inliibition. It may be stated also that the 
extent of reduced groAvth obtained in charcoal-treated medium E was 
independent of the concentration of Fe added and also the amount or 
age of inoculum. Finally, sugar charcoal as compared with animal 
charcoal yielded no growth reduction; in fact it was observed to pro- 
vide iron in media deficient in this element. 

Table 4^.— Growth recovery in charcoal-treated mediitm E upon addition N ^'^9 Ga 


Medium 

Growth (turbidity) ratio, « 
altered medium G 
-r — 5 - — jr- — r— W’nen source 01 
basal medium A 
nitrogen was— 


N 2 (air) 

■ KNO 3 ^ 

; Urea . 

BasalA-,.-— — ------ — -- 

1.000 

1.000 

1.000 

. Ohareoal-treated E., — ' 

.016 

. .787 

. 70S . 

Cbarcoal-treated E+0.29 miUimoIal Ca- ----------- — 

.115 

.80^5 

K 565. 

. 'Ol 2 arcoal-treathd'..E +0.81. millimolal ■Mg—, - ' 

Charcoal-treated E + 0.29 millimolal Ca and 0.81 milli- 

. ..297 

' A 595 . 

. 845. 

■ molal Mg— 

, . 732 


'. 80 s' ' 


« Eelative ..growths in :basal nied.i.am A— •Ns:N03:urea..(C days) =1,0; 1.0.: 1.7, 

*>-Low. "'... 
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Till* appaiH^iit essentialness of Mg for Azotohacter growth, as 
ubser\'eil in the preceding experiments, is almost certainly a true 
iiiairiiesiuiii requirement. "The Baker’s' MgS04.7H20 employed was 
examioed spectroscopically.^ Only sodium was found in considerahie 
uiiioiiiit, with definite but faint indication of aluminum, copper, 
calciiiiiii iron, lithium, and silicon, and possibly vanadium and boron 
(no potassium). All these elements, and others, were tested' for their 
effect in either charcoahtreated medium E or basal medium A con- 
taining no klg. The following metal ions were added to charcoal- • 
treated medimn E: Cu, Mn, Ni, Co, Al, Zn at 0.1 p.p.m.; Mo, Si, Ti, 
Cr at 1 p.p.m.; Y, IVIn, B, Li, and Ba at 0.1 and 1 p.p.m.; 20 and 200 
p.p.m. of natural humic acid, a material which imdoiibtedty contains 
traces of all basic elements normally found in soil; and also^ 10 p.p.m. 
eoenzyme K, (7). No increase in growth was observed with any of 
these." Ill the magnesium-free medium the following metals were 
tested: Y, B, Alo, and Li at 2.5 and 10 p.p.m.; Ba and Sr at 2.5, 10, 
25, and 50 p.p.m. ; and Ain at 0.5, 2.5, 10, and 12.5 p.p.m. Ain, Ba, 
and Sr appeared to be slightly beneficial. The other elements yielded 
no increase in growth. Alg as such is therefore essential with no 
element able to act very efficiently in place of it. No stimulation in 
basal medium A resulted from 0.1 and 1 p.p.m. Cu, Al, Ni, and Ain, 
but stimiilation was often increased 1% to 3 times by either V (YCI3, 
Na3Y()4) or K2Y4O9) or AIo (NaAIo042H20) at 1 p.p.m., in agreement 
with previous findings of Bertels (S, 4), Burk and Liiieweaver (6), 
BirchMIirschfeld (2), SchrOder (29), Kliiyver and A^an Eeenen (18), 
and Konishi and Tsuge (19), 

IRON 

The problem of demonstrating a definite iron requirement usually 
necessitates purification of the medium rather than the addition of 
iron, owing to the low values involved. The phoaphate-adsorption 
method ro|)orte(l by Hopkins (17) in. connection with the green alga 
Chlorelia, and the carbonate treatment described by Steinberg (31) in 
connection witli the bread mold Aspergillm, for removing traces of Fe 
were found to be incapable of causing any Fe deficiency for Azotobacter 
in basal medium A without liumate iron (medium D). There still 
remained after treatment 0.001 to 0.003 millimolal Fe, The modified 
Hopkins’ charcoal treatment employed for removal of Alg and Ca 
masked my possible^ removal of Fe. Kiihland’s (28) method of 
autoclaving and filtering a nutrient solution composed only of inor- 
ganic nutrients was found to lower the Fe impurity of the inorganic 
salts of basal mediiiin A but could not be employed for sugar puri- 
fication. Several sugars were, therefore, obtained, which when 
analyzed by a method previously described (7, table 1), showed a 
var3fing and relatively low Fe content, as follows: Difeo dextrose, 
4 X 10“’^ percent; Alerck’s dextrose, 6X 10“^ percent; Baker’s sucrose, 
OX 10"" percent; and Alallinckrodt’s sucrose, OXIQ-*' percent. The 
inorganic basal medium A (without luinuite iron or sugar) contained 
before and afttu* autoclaving atul filtering while liot 2.1 ) X 1 0 '* milli- 
im4al and 1.7x10 milliinolal Fe, respectiv(‘lv. !t was possible to 
olUain N Fe (*ojicentrations ranging from 5X10“" millimolal to 
4.5 < lO^mnilliinolal by employing each of the 4 sugars at 13.9 milli- 
molal. (0.5 percent) together with 41, .6 millimolal (1.5 percent) of the, 

0 These e.s3mmati0Q,s w.ere made by lbe,Baiiseh-& Lomb Optical Go. 
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Mallinckrodt’s (very low iron) sucrosej basal iiiorgaiiic inediiiiii A 
being used with 4ind wdthont oXlO"""^ inillimolal iiimiate iron ('Fe 
impurity in synthetic humic acid with, no Fe intentionally added); 
the lowest concentration was obtained by using 55. a milliiiiolal 
(2 percent) IMallirickrodt’s sucrose in inorganic medium previously 
a.utoclaved and filtered. Maximum iron was a.ssiired l)y adding 
1.8 X 10”^* millimolal humate iron to some of the cultures. 

Figure 2 shows the relative growths obtained with these varying Fe 
concentrations. The curves definitely approach zero growth at the 
lowest concentrations, whereas the sugar, Difco dextrose, with the 
maximum Fe impurity, 4X10“^ millimolal, yields practically normal 
growth. The concentration of Fe ^fielding maximum growth increases 
somewhat with age of culture (curves 1 and la, 2 and 2a), as was 
shown previously in a difterent manner in connection with humic 



Figure 2. — Growth of lizotobaiier in free and fixed nitrogen as a function of iron concentration: Carves 
1 and 2, growth Cnrbidity) in N -2 and nitrate, respectively, 9-day experiment; curves, l« and 2-day 
exiieriment. 


acid stimulation {8, p. 458, fig, 2), At any given age of culture 
approximately the same differences in amount of growth in free and 
fixed nitrogen are obtained at all iron concentrations (table 5), 
indicating that, as determined by this method, there was no specific 
fixation effect of Fe deficiency, such as was obtained so definitely in the 
case of Ca. The phenomenon of the growth in free nitrogen approach- 
ing that in fixed nitrogen, after a prolonged period of time, is shown 
by the ^hwerage” values, table 5, and by comparing the ordinate 
ranges between curves 1 and 2 and curves la and 2a. This phe- 
nomenon is commonly observed ‘and presumably bears no direct 
relation to Fe requirements, but to limitations by other factoids 
(8, pp, 4^5~-4^2). Riihland (28) has reported a limiting Fe coiicen- 
tration range for the autotrophic hydrogen organism Bacilliis pycnot- 
icus which is essentially the same as that demonstrated iov Azotobacter, 
no growth being obtained at millimolal and maximum growth 
occurring by 1.2 X 10“^ millimolaL 
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Table 5. — Ratio of growth infixed and free nitrogen at different iron concentratioris 


Concontratlon of Pe (miiiimolal) 

Grow til (tnibidity)' ratio, for experiment- 

No. 1 « 

No. 2 

2 days 

. 

9 days 

3 days 

5 days 

4.^X1(L‘. ... 

5,0 


0 7 




.”.9X10“'*-.- 

0.7 


2.6 






S. 4 

] 

(2.3 



I.OIXIOa--- - - - 

5. 5' 6.0 

' 2.3 

b.2 




7 0 

1 

2.4 



1,1X10“'^ - 

7.0 


2. 4 




L6X10~A 

5.6[X 

} 2.4- 

r2.3 

2.5 



4.1XH'H _ 

6.2 


2.3 




4.6X10-^ 

6. 1 


2.2 




1 . ' • 


'5.4 


(2.0 





8.0 


2.1 



I i.SXKH--^ - — 

6.6' 

3.S 

loo- 

2.0 





7.3 


2.3 





8.7 

I 

2.6 





0.8 

] 

(1. 6 







2.0 



j i.sxitr- -- 

5. 7-^ 

9 7 

• 2.1* 

2 fi 



( 


0.6 


1.9 





l7. 1 

J 

•2.4 



2.OXI0-L.,.. 





4. 6 

4.3 

S.fiXlO""' - 



3. 0 

3.5 

2. 6 

; S.IXIO-*" ' 




3.8X10"* 1 



1 4 3 

3 3 





..lii 

! J|« 

! 

i ■ 

'Average — 

6.1 

2.3 

14.2 

4.4 

3.4 


« Compare fis. 2, p. 989. 


COMPARISON OF ABSOLUTE ELEMENT REQUIREMENTS 

Comparing the concentrations of essential elements producing 
half maxmiiiiii growth (CGy 2 ) is as convenient, and more accurat^ 
than coinparing those required for optinium growth, under variable 
experimental conditions. ^ Table 6 gives Cg /2 values for Ca, Mg, and 
Fe under various conditions of age of culture and nitrogen source, 
and also those for Ca and Mg deteiniined fiom Krzemieniewska's 
data (fl). These values have been determined graphically from 
curves such as those shown in figure 1 for Mg and in figure 27or Fe. 
The values for Mg and Fe do not vary significantly with respect to 
nitrogen source, being essential elements in any case, whereas the 
ttonessentialness of Ca in fixed nitrogen is strikingly shown by the lack 
of any definite positive value, as compared with 2X10“^ to 5X10”^ 
niillimolal in free nitrogen. C^/s for Fe is about one five-hundredth 
of that for Mg or Ca in free nitrogen. 

In general, Cg /2 should decrease -with age or heaviness of cultures if 
the eipieiit is utilized relatively more efficiently at low^er concentra- 
tions bv being employed over and over again in a catalytic manner, 
it should increase if the element is consumed and prevented from 
fill tiler functioning. As can be seen from table 6, there are no changes 
m Cg/ 2 , tor any of the elements, great enough to distinguish conclu- 
sively between catalysis or consumption or a combination of both; 
A tendency appears for a decrease with Mg and Ca and an increase 
with he, and earlier evidence with Ca and Fe supports tliis interpre- 
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tatioii. Cg /2 probably varies relatively little for growths ranging 
from 2 to 20 mg organic nitrogen per 100 cc (liglit to very heavy 
growths, about 20 to 200 mg dry matter per 100 cc) ; it should be a 
fairly characteristic constant. This is important in connection with 
the basal medium A employed, since normally Mo and V were not 
added, although in experiments involving very heavy growth they 
could cause definite increases in growth. 

Table 6 . — Approximate concentratiofis of calcium^ magnesiimi, and iron required 
for half maximum growth of Azotohacter using various sources of nitrogen 


Cg/ 2 , the concentration (millimolal) yielding half-maximum growth when 
source of nitrogen was— 


Element 

N 2 (air) 

XNOa 

Urea 

N 2 , (Krzemie- 
niewska (M)) 

2--3 days 

9-10 days 

2-3 days 

9-10 days 

2-3 days 

9-10 days 

5 days 

12-15 

days 

Ca - - 

Mg 

Ee 

4X10”2 

6X10-2 

1.1X10-^ 

1 

2X10-2 
4X10-2 
i 1. 4X10-‘‘ 

«0-2X10-^ 

6X10-2 
1. 1X10-4 

“0-2X10-4 
2X10-2 
1. 6X10-4 

«0-2X10-4 

5X10-2 

0-2X10-4 

3X10-2 

8X10-2 

5X10-2 

5X10-2 

4X10-2 







a Maximum Ca impurity in medium and inoculum. 


Krzemieniewska (^1) reported that potassium, sulphur, and phos- 
phorus were required for Azotohacter growth in relatively large con- 
centrations, the first-named at about that found for Ca and Mg, and 
the latter at a value 3 to 10 times as great. Vogel (SB) and Stapp and 
Euschmann (30) report, however, that the addition of potassium to 
media was not required. Similarly the present writers, and Stapp 
and Euschmann (SO), have found that the traces of sulphur occurring 
as impurities will yield at least 50 to 75 percent of maximum growth. 
The phosphorus requirements have been generally assumed to be 
relatively high; Burk and Lineweaver (6) have indicated that 0.1 
millimolal is sufficient. 

DISCUSSION 

The experiments of long duration reported above are seen to con- 
firm the previous observations (6) involving experiments essentially 
of short duration concerning the catalytic effect of Ca upon the 
nitrogen-fixation process of Azotohacter, The small concentrations 
of Ca studied in the present work yield still more evidence that Ca 
acts in a truly catalytic role. The relatively large concentrations 
emphasized previously (0.10 to 0.30 millimolal) applied to obtaining 
the maximum rate of fixation by young cultures, rather than to the 
maximum amount of growth after a long period of time. The appar- 
ent stimulation of growth in fixed nitrogen by Ca is much lessened, if 
not upon occasion entirely eliminated/as the duration of the experi- 
ment is increased. 

The essentialness of Mg for the growth of Azotohacter is much more 
evident from the experiments of long duration, with the other inor- 
ganic nutrients at normal concentrations, than in the experiments of 
Burk and Lineweaver (6) where 10 times the customary diluted me- 
dium was chiefly employed. Whereas some growth may occur in 
free nitrogen with less than 2 X 10””*^ millimolal Mg (estimated maxi- 
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iniiru Mg- iiiipiirity) in the first 24 to 48 hours, surpassing that obtained 
with a iiiediiiin eoritaiBiiig 0.81 millimolal Mg, but no Ca, growth in 
the former practiealh' ceases -after a few days, whereas in the latter a, 
definite iiickaise occurs. In this case the Ca is being used coiitiiiu- 
oiisly .at very snia..Il co,iicentration3. 

As iiieiitioned above, and observed in a former paper (6\ p. 164, 
'tpseiido-Ca-Sr-eifect-”), Mg appears to possess at times a soniewhat, 
greater relative beneficial effect upon growth in free nitrogen than in 
fixed nitrogen, particularly at low concentrations of Ca. For the 
present, this is still interpreted as involving no specific influence upon 
the fixation process proper, but probably making any Ca present in 
the cells more available, perhaps merely more soluble.^ In this con- 
nection, Mg has been observed to interfere markedly with Ca precipi- 
tation b}" oxalate, and also, as mentioned above, ^ serves to maintain 
a clear nutrient solution by increasing the solubility of calcium phos- 
phate. This effect upon C>a solubility would scarcely be related to 
the chief effect of Mg in the growth process, since Ca is substantially 
unnecessary there. 

Haines (16) has reported a somewhat parallel relationship with Ca 
and Mg between the production of bacterial gelatinase and growth, 
with five different micro-organisms. Ca alone promotes the forma- 
tion of the enzyme wMle permitting but poor growth; Mg alone 
yields good growth but substantially no gelatinase. The best effect 
is obtained in the presence of both elements, probably owing in part 
to the influence of growth itself upon the protease production. In a 
previous work, Haines (15) reported a similar effect with the enzyme 
attacking caseinogen. He suggests that future work might show 
salts of Ca to be essential for the formation of proteases in general. 
Although this view might appear contradictory to Rippel and Stoess^ 
(.^7) conclusion as to the general iinessentialness for Ca for micro- 
organisms, since the majority probably produce proteases, it suggests 
in coiiiiection with the present work with Azotobacter that Ca when 
essential for organisms is a constituent of some particular enzyme. 
Thus, Nakaniura (06) has found that Ca is an essential activator for 
amylase. The concentration of Ca has recently been showm, however, 
to have no influence on two specific aspects of fixation by Azotobacter, 
namehy the pH limit at 6, and the Michaelis dissociation constant 
or nitrogen pressure at which half maximum velocity of fixation is 
obtained (9), 

Mg may also act specifically as a constituent of certain frequently 
occurring enzymes, as well as in some general phenomenon such as 
permeability. Lohmann (f^) has found that Mg is an essential 
constituent of the coenzyme for lactic acid formation in muscle and 
for cozymase in yeast, and Erdtman (I^) has found that it is necessary 
for liver phosphatase. The general utilization of Mg in oxidative 
processes is improbable, however, because of their diversity in the 
various organisms. Kruse, Orent, and AlcColliim (^0) have shown 
that Alg deficiency in young rats leads to death and that the most 
striking Hood change is a disturbance of the lipoid distribution. 
This finding may disclose upon fmdher investigation that Mg is 
concerned generally in some phase of lipoid behavior. 

The observation that; the iron requirement, of \Azotobaeterr riis 
measined by final ainounts of growth obtained with the Erlenmeyer 
technic, is substantially independent of the source of nitrogen con- 
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limis^tlie x)reYioiis finding (8, p]j. 460, 48^, 486: 10,^ p. r 523 ^ tlnit in 
experiiiieiits of this type the stiinulation caused by iron supplied to 
customary medium, as huniate or otherwise, is approximately:^ IJie 
same in free and fixed nitrogen: that is, iron does not normally n|i)ear 
to influence directly or specifically the availability of either* of Siese 
sources of nitrogen, the one more than the other. The vory ifnich. 
lower concentrations of Fe as compared to Ca required in fn^e nitrogen 
make a specific fixation requirement somewhat more difficult to 
determine by the methods here employed. In earlier papers reference 
was made *(7, pp. #7, 44"^ i 8, p, 465 and table 6; 10, p. 52S) to 
impublished work on the apparent specific eflbct of iron in fixation 
imder certain particular conditions, obtained with the Warburg 
teclmic, where the velocity constants as distinguished from the filial 
amounts of growdli were observed. This apparent specific efl'ect of 
iron has now been definitely determined to be due to an exceedingly 
small molybdenum mipurity in the iron. The molybdenimi is 
effective at a concentration of only 1 to 100 mg ^ per 1,000,000,000,000 
mg medium (1 to 100 parts per trillion, or 10~^^ to 10~*’inolal Mo.) 

The amounts of iron required for maximum gTowth of Azoiohacter 
as determined in the experiments reported here are approximately 
the same as those indicated in previous work (7), namely, 0.0004 to 
0.01 millimolal (0.02-0.5 p.p.m.). In the experiments described in 
table 5 and figure 2, the concentration 0.018 millimolal as compared 
to 0.0018 millimolal gave growths 10 and 22 pei*cent higher, on an 
average, at 2 and 9 days, respectively. No similar comparison of 
Cg /2 values is possible, since it is only in tlie present work that the 
low concentrations of Fe have been studied. 

SUMMARY 

The magnesium, calcium, and iron requirements for growtli of 
Azoiohacter vinelandn in the presence of free and yarious forms of 
fixed nitrogen have been investigated quantitatively, and brief 
reference made to other inorganic elements. Various types of media 
were employed. In comparison with work reported previously, the 
experiments were of relatively long duration (2 to 10 days), and the 
growths obtained \vere very heavy (20 to 200 mg dry matter per 100 
cc). 

The concentrations of the respective elements yielding half 
niaximiim growth (Cg/ 2 ) have been determined as the most accurate 
means of making various comparisons. In these experiments Cg /2 
Was relatively independent of duration of experiment and extent of 
growth. Gg /2 for Ca is 2-5 X 10~- millimolal in free nitrogen, and 
negligible (0™2 X lO”'^ millimolal) in fixed nitrogen, such as nitrate, 
ammonia, or urea; this difference confirms previous findings concerning 
the specific role of calcium in the nitrogen-fixing process. With 
Mg and Fe, Cg /2 is independent of the source of nitrogen, being 2-6 X 
10"- and 1.1-1.6X10"^ miliimolal, respectively. The essential role 
of both Mg and Fe in growth is indicated by an approach to zero 
growth at the lowest concentrations. No specific requirement of 
Fe (or Mg) in fixation was evident in experiments of the type here 
employed" confirming previous findings that normally hxiinate iron 
exerts the same stimulation in free and fixed nitrogen. 

■‘Burk , D. azotase aku nitrogesase iH azotob acter. Review chapter in Xord, F, F. , and Weiden- 
hagen, R., Ergebnisse der EnzymforFbuag. lUus. neipzig- 1934. 
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The coilceiitrations of Mg, Ca (in^free nitrogen), and Fe required 
fur iiuixiniiini growth are O.Oo-O.l inillimolal, 0.1-0.3 millirnolal, and 
11.0004-0.001 iiiilliinolal, respectively. The requirement for P appears 
to be 0.1 niillimolal, and for S, K, Mo, and V equal to or less than tlnit 

forFe. 

Mg could not be replaced in the growth process by Cii, Mn, Ni, 
Co, Al, Zii, Ca, Sr, Ba, Mo, Si, Ti, Cr, V, B, or Li applied in various 
concentrations. 

Ill ascertainiiig the very low Fe requirement, adsorption methods 
iiivolving ciiarcoal, calciuin carbonate, or calcium phosphate did not 
suffice to free the iiiedium from iron. It was necessary to select 
sugars with different and very low amounts of iron.^ This method 
should be useful in connection with various elements similarly needed 
ill traces in general bacterial growth. 
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THE NORMAL DEVELOPMENT OF THE LEG BONES OF 
CHICKENS WITH RESPECT TO THEIR ASH CONTENT ' 


By H. M. ^Haeshaw, hiochemist, J. C. Fritz, junior biologist, and 

Harry W. Titxjs, hiological chemist. Animal Husbandry Division, Bureau of 

Animal rndustry, United States Department of Agrixultiire 

INTRODUCTION 

The ash content of certain bones, especialh^^ those of the legs, has 
been used in recent 3^ears as a measure of the effect of experimental 
diets on the niineralization of the skeleton of the animals to which 
the diets were fed. This has been particulaiiY true in some of the 
iiutrition studies with chickens, in which the percentage of ash in one 
or another of the leg bones has been used to determine the extent 
of the occurrence of rickets. The ease with which rickets may be 
produced in chickens has led to the use of chickens as laboratory 
animals for determining the antirachitic value of the various vitamin 
D supplements, particularly coddiver oil, used in diets for poultry. 

In order, that a correct interpretation may be placed on the results 
of work of this nature, it is necessary that data on the ash content of 
the bones of birds reared under normal environmental conditions be 
available for the purpose of comparison. Furthermore, these data 
should furnish information on the effect, if any, of age, breed, and 
sex on the ash content of the bones. The published percentages of 
ash which have been considered as normal were obtained almost wholly 
from the analysis of the bones of birds reared under rather artificial 
conditions, and they represent only one or, at best, a few ages. It is 
necessary also to know how the several factors other than diet affect 
the deposition of the mineral elements in bone, for otherwise one 
cannot be certain that tbe results obtained are due onhr to the diets, 
or, more specifically, to the vitamin D supplements being studied. 

Furthermore, it is often desirable to compare the results of work 
carried out in different laboratories, and in order that this may be 
possible it is necessary that comparable methods be used for the 
deteimination of the ash in the bones of the experimental birds. At 
present there does not seem to be any great degree of unanimity 
among the various investigators in this respect. In general the tibia 
has been used for this purpose, but in some cases other bones have 
been used. Some reports show different ways of preparing the bones 
for anah^-sis; others show the use of different methods for ash deter" 
niination. Some of these differences probably had little or no effect 
on the results obtained, but it is also probably true that some had a 
marked effect. 

This lack of uiiiformity in the methods used for the determination 
of the ash of the leg bones, as well as the lack of adequate information 
regarding the percentage of ash in the bones of chickens reared under 
normal Gonditions, made it desirable to ascertain the ash content of 
the bones of such chickens of both sexes and of different ages and 
breeds by the use of a simple and rapid method. 

I Heeeivexl for fuibUctilu^ii Jee. 16, 1034yissued July 
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PLAN OF THE INVESTIGATION 

It was planned to rear two groups of chickens, each group of a 
different breed, iiiider favorable conditions on a grass range, and to 
study the normal development of their leg bones with respect to the 
ash content. Each week, for 20 weeks, representative birds were to 
be selected from each group to furnish tbe bones to be studied. The 
plan involved the deterniination of the ash content of each of the 
three major long bones of the right leg and of tbe combined bones 
of the left leg (1) with the epiphyseal cartilages retained and (2) with 
the epiplwseal cartilages removed. 

To obtain supplementary information as a check on the ash content 
of the bones, it was planned to determine the calcium and phosphorus 
eoiiteiit of the blood serum and of the ash of the tibiae, and to note, 
by means of X-ray shadowgraphs, the age at which calcification 
occiuTed at the distal and proximal ends of the tibiae and the proximal 
end of the metatarsus. The blood-serum studies were conducted for 
25 'weeks; the other studies for 20 weeks. 

EXPERIMENTAL MATERIAL AND METHODS 

Three hundred and fifty chicks of each of the two breeds used 
(Rhode Island Red and Single-Comb White Leghorn) were hatched 
on April 8, 1931, at the Lhiited States Animal Husbandry Experiment 
E arm, Beitsviile, Md. , and were placed, the next day, in colony brooder 
lioiises on a grass range. At that time 100 chicks of each breed were 
selected at random and wing-banded. These birds were weighed 
then and at intervals of 2 weeks thereafter for 20 weeks, in order to 
obtain a reliable indication as to whether the average growth of the 
birds was satisfactory. 

For the first 14 weeks, the birds were fed the following dry mash: 


Percent 

Yellow e om ri:i eai 41.50 

Groimd wheat ^ - - 20. 00 

ItTieat brail 15. 00 

Dried buttermilk ^ 10. 00 

Meat.. scrap (50 percent) ___■ 10. 00 

Caleite_ : 2. 75 

Salt . 75 


Total 100. 00 


In addition to this mash, during the first 6 weeks after hatching 
the birds were given all the freshly soured skim milk they would con- 
sume. After the fourteenth week and until the end of the twentieth 
week, all except 2,5 percent each of the meat scrap and dried butter- 
milk was replaced by yellow corn meal. 

On the day after the chicks were hatched and at intervals of 1 week 
thereafter, a sufficient nuniber of individuals of each breed was selected 
at random from among the unbanded birds to furnish the leg bones 
necessary for the ash determinations. The number for each sample 
varied from 1 to 15, depending on the size of the chicks. 

Calcium and inorganic phosphorus determinations were made on 
the blood serum of the birds selected,' in order that it might be'' known, 
whether they were normal in this respect. Blood samples of approx- 
imately eqiuil size were obtained by heart puncture from each of 
these birds before they were killed for bone samples. The Blood 
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samples of birds of the same sex and breed were then combined for 
analysis. It was not possible, however, to differentiate readily 
between the sexes until the age of 6 weeks in the case of the Leghorns, 
and until the age of 7 weeks in the case of the Khode Island Reds. 
Accordingly, until the sex of the chicks could be determined, the 
blood samples were combined with regard to breed only. The serum, 
obtained by ceiitrifuging the blood samples, wuis anah’zed for calcium 
by the Clark and Collip (^) ^ modification of the method of Ki-amer 
and Tisdall; and for inorganic phosphorus, by the method of Fiske 
and Subbarow (d). ^ 

After the collection of the blood samples, the birds were killed 
by cutting the jugular vein and puncturing the brain. Immediately 
after they wnre killed, X-ray shadow^graphs wnre made of the legs 
in order that the calcification of the bones might be studied by this 
means. The leg bones were then removed and dissected free of flesh 
ill preparation for ashing. The epiphyseal cartilages w^ere removed 
from the bones of one-half of the birds but not from the bones of the 
other half. Thus, one-half of the samples w^ere made up of the 
diaphysis alone, and the other half included the diaph5^sis and the 
epiphyses. The long bones (femur, tibia wdth fibula, and metatarsus) 
of the left leg w^ere combined in one sample, whereas the feiiiur, 
tibia without fibula, and metatarsus of the right leg w^ere studied 
separately. 

During the first 6 weeks, the following numbers of birds w^ere used 
in preparing each sample at the ages indicated. 


Number of birds represented in each sample: 

15 

12 --. 

8 - 


6 . 

6 . 

5, 


Age 


1 day. 


1 week. 

2 weeks. 

3 Aveeks. 

4 Aveeks. 

5 weeks. 

6 Aveeks. 


After the age of 6 weeks, one bird was sufficient for the w-eekly 
sample. 

Bone samples of chicks of each sex w^ere obtained as soon as the 
males could be readily distinguished from the females. As each 
bone was freed of flesh and its periosteum, it Axas placed in 95-percent 
ethyl alcohol and kept there until the deternimation of its ash con- 
tent wuis begun. The following method of obtaining the ash content 
of the bones wiis used: The bones were removed from the alcohol, 
cut into small pieces with bone snips if they were inconveniently 
large, wmapped in filter paper, and extracted for 6 hours with 95- 
percent ethyl alcohol in a Soxlflet extractor. They w^ere next allow^ed 
to dry in the open air and then extracted with diethyl ether for 6 
hours. After being dried again in the air, the bones were placed in 
w^eighed crucibles, dried in a vacuum oven for 4 hours at a temperature 
of 60'^ C., and weighed. The weighed, oven-dried samples w^ere then 
ashed to a constant weight, at 600°, to obtain the Aveight of ash in 
the moisture- and fat-free bones. 

Previous, but impubhshed, work at the United States Animal 
Husbandry Experiment Farm has shoA?m that this method is efficient 
from the standpoint of accuracy and rapidity of determination. The 


^ Reference is made by number (italic) to Literature Cited, p. 1008. 



1000 Journal oj Agricultural Research Voi. 4S, no. 11 


extravimii shoiiid be continued only long enough to insure removal of 
tiie soluble luateriaL 'For tins purpose, the writers have found 6 
.hours with each solvent to be -sufficient, for the percentage of ash after 
such treatment was fully as high as that reported by St. John and 
Ms coworkers (9) when much longer periods were employed. 

The amount of calcium and phosphorus in the ash of the tibiae 
w~as then obtained.^ For tMs purpose, ^ the aslywas dissolved in 
dilute hydrochloric acid and the resulting solution was made up 

to a definite volume. Aliquot 
parts of this solution were used 
for the de term illation of cal- 
cium according to Kramer and 
Howland^s (8) method for bone, 
and for the determination of 
phosphorus by the gravimetric 
method of the Association of 
Official Agricultural Chemists 
(1) for fertilizers. 

EXPEKIMENTAL RESULTS 

^ ^ ^ FEMALES IN EXPERIMENT I GROWTH OP THE BIRDS 




The average growth (as 
measured by weight in grams) 
of the birds which -were banded 
is shown in figure 1 . There 
w^ere 35 males and 44 females 
of the White Leghorn breed 
and 37 males and 45 females 
of the Rhode Island Red breed. 
The curves sliow^ that the 
growth W' as satisfactory as com- 
pared wdth the growth pre- 
vioiisK obtained at the Belts- 
ville expeiiment farm with 
these breeds (5, 10). 


ASE (WEEKS) 

Fig THE I.— Averaire weights,, at 2- weak intervals, of 
niale.s ninl females of liie tw'o breeds compared wdth 
narmal weighis reported for t,hese breed.s by Hendricks, 
Lee, and Titus (S) and by Titus and JuH (W). 


CALCIUM AND INORGANIC PHOS- 
PHORUS CONTENTS OP BLOOD 
SERUM 

The calcium and inorganic 


phosphorus contents of the 
blood serum of the birds at intervals of 1 week are shown in figure 2. 
All the values obtained w^ere w’^eO writhin the normal limits, as shown 


by unpublished results; in fact, there was less variation than is fre- 
quently observed under experimental conditions. The variation was 
so small throughout most of the first 20 wrecks as to have no apparent 
significance. Shortly after the reduction of the relative cpiantities of 
the prutein <*oiicentrates in the diet of the birds at the age of 14 


weeks, t!ier(‘ wuis a decrease for about 4 WTuhs 'in the inorgani(* plu^s- 
phorus content of the blood serum, whereas the calcium content showxul 


* The determinatfoas of the calcium aad phcephorus in the ash of the tibiae 'were carried out by R. E. 
Davis aad G. H. Keunedy, of the Apimal Husbandry Division. ■■ 
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no change. This decrease in phosphorus content was then followed 
by an iiicrease for 2 or 3 weeks and then by another decrease. There 
was, apparently, no significant difference in the calciiini and inorganic 
pliosphoriis contents of the blood serum of the males and females 
froiii the sixth or seventh week, when sex was first differentiated, to 
the twentieth week. . • . 

Determinations of the calcium and inorganic phosphorus in the 
blood serum of the birds were continued from the ages of 20 to 25 
weeks, with the special . 
object of observing the 
changes in the calcium 
of the blood serum of the 
pullets as the}^ began to 
lay, as compared with 
those changes in the 
blood serum of the males “ 
of the same ages. Figure ^ 

2 shows a very marked I 
increase in the case of the s 
White Leghorn pullets | 
after the twentieth week j 
and a similar increase in 3 
the case of the Rhode ^ 

Island Red pullets after i 
the twenty-third week. ^ 

This increase was un- § 
doubtedl}' due to the o 
increased demand for 
calcium to be used in egg 
production, as the pullets 
began to lay at about % 
this time. Hainan (4) 
has shown that there is an 
increased retention of cal- 
cium from the feed dur- 
ing the week preceding 

. 1 ^ T . . % ^ O 2 4 6 8 10 12 14 16 18 20 22 24 26 

the beginning of egg pro- 

AGE (weeks) 

dlictioil, and Hughes and figure 2.— Caleium and inorganic phosphorus contents of the 
his coworkers (7) have blood serum of white Leghorns and Rhode Island Reds at 
* ^ • - weekly intervals. 

found that there IS an in- 
creased content of calcium in the blood serum of pullets at the time that 
laving begins. 

CM.CIFICATION OF EPIPHYSES 

Through an examination by the X-ray shadowgraphs, certain 
stages in the calcification of the epiphyses were noted. During the 
first week of the life of the chick, centers of ossification appeared in 
the cartilages at the distal end of the tibia and the proximal end of 
the metatarsus. There was no difference between the two breeds 
in this respect. Centers of ossification appeared in the cartilage at 
the proximal end of the tibia by the end of the sixth week. In this 
respect also no difference was noted between the two breeds. 

After the first appearance of the centers of ossification the areas 
imdergoing ealcification gradually increased in size until they made 
up most of the epiphyses and the epiphyses became attached to the 

^#9865— 34--— 4 hv.- ■ ■ 
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iliapliTsi;;. The union of a diaphysis udth an epiphysis occurred first 
at ilic proximal end of the metatarsus, then at the distal end of the 
tibia, and later at the proximal end of the tibia. There seemed to be 
a tendency for the epiphyses of the females to^ calcify at an earlier 
.age than those of the males, and for those of the White Leghorn birds to 
calcify at an earlier age than those of the Rhode Island Reds (table 1 ) . 

Table 1. — -Effeii of breed and sez on the age at which the calcification of the epiph- 
yses tm-e apparently complete, as shoicn by the X-ray shadoicgraphs 


I Age of bird when calcification 
j occurred at - 


.Breed and sex of birds 

Proximal 
end of meta- 
tarsus 

Distal end 
of tibia 

Pro.ximal 
end of tibia 

White Legiioro: 

Fe'^male ..... 

Weeks 

12 

13 

Weeks 

19 

Male - 1 

1 14 

15 

20 

Rhode Island Red; i 

Female - i 

13 

17 

1 ' 20 

Male . - -- - i 

14 

19 

in 




« Not complete at twentieth week. 


ASH CONTENT OF BONES 

Tiie peix'*eiitage of ash in the moisture- and fat-free bones each week 
of the experiment is presented in figures 3 and 4, and tlie percentages 



Fr.-.im 3. --Ash conteat of the Imne samples obtained from .the White Leghorns at weekly intervals. 


at 4, 5, th S, and 20 weeks are given in table 2. The curves are com- 
paratively smooth during the first few weeks, when the determina- 
tions of ash were made on samples composed of bones of from 5 to 15 
individuals. I^ter, when the samples represented single birds, these 

curves are not so smooth. 
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I'ic.UP.E 4. — Ash content of the bone samples obtained from the Rhode Island Reds at weekly intervals 


Table 2. — Percentage of ash m the moisture- and fat-free bones of the White Leghorns 
and the Rhode Island Reds at the ages indicated 


WHITE LEGHORNS 




Bones with cartilage retained 

Bones with cartilage removed 

Age in 
weeks 

Sex 

Femur 

Tibia 

Meta- 

tarsus 

Com- 

bined 

bones 

Femur 

Tibia 

Meta- 

tarsus 

Com- 

bined 

bones 

4 

N ot separated 

Percent 

47.8 

Percent 

47.5 

Percent 

46.4 

Percent 

47.3 

Percent 
55. 9 

Percent 
57, 4 

PerceM 
56. 7 

Percent 

56.9 

5 

do 

4S.2 

48.4 

47.7 

48.1 

56. 1 

57. 6 

57. 2 

.57. 1 

6 

fMale 

47.8 

48. 7 

47.6 

47.6 

56. 3 

57,8 

58.4 

56. 0 

\ Female 

48.8 

48. 6 

47, 6 

48.1 

56.0 

57. 1 

56.8 

.56.9 

» 

/Male. 

48. 2 

48. 1 

49. 0 

47.6 

56. 0 

5fl. 4 

57.3 

57, 1 

i 

1 Female 

48.8 

48.4 

48. 6 

18.8 

56. 2 

56. 7 

S8-.4 

.56. S 


/Male 

48. 5 

49.5 

50. 8 

49.0 

.56. 0 

57.0 

68. 3 

57. 2 


tP’emale,.- ! 

48.7 

49. 4 

50.5 

49. 0 

55. 1 

57, 3 

57, 9 

.56! 9 

, . 20 

/Male-.-. .1 

50,9 

55.8 

55.9 

54.4 

' ' :6i 8 

59.6 

69,4 

.57.9 

t Female 1 

51. 2 

54.6 

56.8 

54.3 

K.3 

' 

57.7 

58.8 

58. 2 


RHODE ISLAND REDS 


■ '4 

N ot separated ^ 

46.7 ; 

47.6 

40. 5 

46.5 

55. 0 i 

66. 6 

57.0. 

56, 7 

.. 5 

do 1 

46.3 

46. 8 

46. 5 i 

46.6 

55. A i 

56. 4, 

!" "56.9 

56. 5 

6 


46.4 

47.0 

46. 1. i 

47. 3 

55.3 

'55. 4 

1 56.3 : 

55. 6 

w 

?Male,-...-_ — 

45.0 

46.1 

. 45. 5 1 

45.9 

52. 2 ! 

. . 54.0 

1 . 64.6 

53.5 


\Female--.--— 

47. 1 

49.0 

48.3 ! 

48. 0 i 

54. 6 1 

55. 4 

56.8 ^ 

, .55.5 

Q. 


45.0 

47,0 

46. 9 i 

46. 6 

53. 7' i 

55- 8 

56.6','.< 

56.1 

■ O 

t Female. - 

47. 4 

49.8 

■ 49. 7 i 

49.1 

54.: 4 1 

55.4 

, 55. 8 

.55.1 


f Male - _ . 

S 5Q. 0 

51. 8 

m. 4 \ 

. . 52.2 ^ 

" 52. 6 ' 

: , 58.5 

.58. 3 

56. 0 

20 

\ Female - 

49.0 

5.3.6 

■ :56.6 1 

■ 

51,8 

.55.3'j 

,58.5, 

59.8 : 

.-.57.4 


In general, tlie ash content of the moisture- and fat-free bones of the 
chicks at the age of 1 day was approximately 40 percent when the 
epiphyseal cartilages were removed and 30 percent when they were 
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retaiiRMl. There was a marked mcrease in the ash content during the 
first week, and tiiis increase continued, 'but at a progressiArely slower 
rate, during the next few weeks. Thereafter, there \cas relatively 

little change. 

A comparison of the curves representing the ash content of the 
bones, Avith and. Avithout the epiphyseal cartilages, shows that the 
d i a ph A' sis contains an appreciably higher percentage of ash than does 
tiie diaphysis with the epiplwses. This d.ifl‘erence is_ greatest during 
the first few Aveeks, after AAhich the curves representing the percent- 
age of ash in the bones prepared in the two different ways tend to 
approach each other gTadiially and are fairly close together at the 
end of 20 Aveeks. 

The ash content of the bones obtained from the White. Leghorns 
was higher tliaii that of the corresponding bones of the Rhode Island 
Reds. This difference continued througliout most of the period of 20 
weeks covered in the present study. After approximately the nine- 
teenth Aveek, however, there Avas a tendency for the ash content of 
the bones of the Rhode Island Reds to become \"ery nearly equal to 
that of the bones of the White Leghorns. Thus it appears that calci- 
fication of the leg bones proceeds at a higher rate and is completed at 
an earlier age in the White Leghorns than in the Rhode Island Reds. 
Such a difference is to be expected, since the former matures somewhat 
.more rapidly than tlie latter. 

Another point brought out by tliese curA^es is that throughout most 
of the period when the males and females Avere studied separately the 
aA^erage ash content of the leg bones of the females from Avliich the car- 
tilage had not been remoAmd was higher than that of the leg bones of 
the males. HoAvever, at the twentieth week there was, in general, A^ery 
little difference. In contrast to this, the ash content of the bones 
from which the cartilage had been remoA^ed Avas practically the same 
for the tAvo sexes. 

A comparison of the three long bones of the leg sho\vs that the 
metatarsus had the most ash, the femur the least, and the tibia an 
internmdiate amount. During the preparation of the samples a corre- 
sponding difference was noted in the physical character of these three 
bones. The metatarsus Avas 3 ^ellowish white in color, had a yelloAv’ 
marrow, greater strength, and less brittleness than either of the other 
tAvo bones. Tliere wars less difference betAveen the femur and the tibia. 
Botli of tiiem Avere grayish white, had a I'ed marrowq and tended to 
shatter readily Avlien cut with the bone snips, in contrast to the meta- 
tarsus wfiiieh permitted the bone snips to cut through cleanly. The 
femur, however, seemed to be somewhat more brittle than the tibia. 
Thus, it appears that the ash content of the bones bears some relation 
TO their piiysical character. 

(WLCIUM AM.) PHOSPHORUS CONTENTS OP THE ASH OP THE TIBIA 

There Avas lelatiA'ely little change in the calciiirn and phosphorus 
contents of the asli of the tibiae throughout tlie 20 weeks and, for this 
reason, only tiie averages of the results obtained are given in. table 3. 

After the first week tlie AUilues ranged between approximately 34.5 
and 37 percent of calcium and 17.5 and ., 18..5' percent of phosphorus. 
There was apparently no difference in this respect betAveen the bones 
of cockerels and pullets or betw^een birds of different ages. ^ 



June 1, 1934 


Ash Contmi of Leg Bones of Chickens 


1005 


Tabus 3. — Effect of age and sex on average percentage of calcium and phosphorus in 
the ash of the tibiae of White Leghorns and Rhode Island Reds 

WHITE LEGHORNS 


Aue of 
bircls 

Sex of birds 

Bones witli eartilage retained 

Bfuies wilii (.‘arlilage reneivcei 

Ca. . ■ 

■ 

P 

(ja/P 

ratio 

iki V 

r-pv 
rot if* 

1 day 

1-5 weeks.. 

6-20 weeks. 

Not separated 

.....do ^ 

[Male 

'(Female .. . 

Percent 
31.3 
35. 0 

1 35. 7 

i 35. 9 

i 

Percent 

17.7 

18.1 

17-9 

17.6 

1.77:1 
1.94:1 
1.98:1 
2. 05: 1 

Percent 
35. 0 
34.2 
36. 7 
36. 2 

Percent 

20.4 
17.8 
18. 2 
18.1 

1.72:1 

1.94:1 

I 2.02:1 

1 2.00:1 


RHODE ISLAND REDS 


1 day - - 

Not separated. . 

33.4 

18.9 

1.77:.l 

35.0 

19. 8 

1.77:1 


do 

34. 5 

17.9 

1.93:1 

34.8 

17. 9 

1.96:1 


(Male.... 

35.3 

j 17. 8 

1.97:1 

36.1 

IS. 1 

1 1.99:1 

i ~ii0 w ©fiks. 

(Female 

36.7 

^ . IS. 4 

2.00:1 1 

36.7 

1 18. 4 ; 

} 2.00:1 


The ratio of calcium to phosphorus in the ash of the tibiae was 
found to be very close to 2.0:1 in most of the samples; therefore the 
averages of the values, given in table 3 for the different breeds and 
sexes, in most instances are also very close to 2.0:1. However, one 
exception to the foregoing statement is that of the calciiim-pliosphorus 
ratio of the ash of the tibiae in birds aged 1 day. The average ratio 
was 1.77:1 in three cases and 1.72:1 in the fourth. 

DISCUSSION 

The data presented in this paper on the ash content of the moistiire- 
and fat-free leg bones of chickens indicate that there was little tend- 
ency for the percentage of ash in those bones from which the cartilage 
had been removed to change after the fourth or fifth week. There 
appears, however, to have been a slight tendency for the ash content 
of the metatarsus to increase with the age of the chick and for that of 
the femur to decrease between the fifth and fifteenth week. Never- 
theless, in both cases the maximum deviation from the average ash 
content observed between the seventh and twentieth week was less 
than 4 percent of the average. 

Although the data show that the ash content of the bones from which 
the epiphyseal cartilages had been removed teiided to remain rather 
constant from the fourth to the twentieth week, they also show that 
there was a gradual increase, during this period, in the ash content of 
the bones (other than the femur) from which the cartilages had 
not been removed. It appears, therefore, that this change was due to 
a progiTssive calcification of the epiphyseal cartilages. In any case, 
the ash content of the bones from which the Ccirtilages had not been 
removed tended to become more nearly equal to that of the bones from 
which, the cartilages had been removed as the birds approached matu- 
rity and the calcification of the epiphyses became more nearly 
complete. 

The tendency for the ash content of the diaphysis to remain rather 
constant under normal conditions does not necessarily mean that the 
ash content may not change under certain conditions, for unpublished 
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(‘xpeiiiiierits by the writers have shown that it may change either 
as the result of the occurrence of rickets or because of a change 
in tlie rate of growth. If the rate of-growth is slow, the cartilage-free 
bones may have an abnormally high ash content. On the other hand, 
very rapid growth, especially after a period of slow" growth, tends to 
briiig aboiitni decrease in the" ash content of both the diaphysis and the 
epiphyseal cartilage. It is quite probable that much of the variation 
aiiion^ iiidividiial chickens of the ash content of their leg bones is due 
largely to differences in their rate of growdh. 

it IS iiecessary, therefore, to consider the rate of grow"th of the 
chickens in any experimental or regulatory wmrk wdth feeds in order 
that errors in the interpretation of results may not occur. Thus it 
is possible that a diet containing a cod-liver oil low in vitamin A 
might contain an iiiadequate supply of this vitamin. The chickens re- 
ceiving such a diet w"Ou]d tend to grow^ more slowly than others receiv- 
ing an adequate supply, and probably the percentage of ash in their 
bones would be higher than if their grow-th had been normal. 
Failure to take the growth rate into account would lead to the con- 
clusion that the antirachitic value of the oil under consideration was 
higher than wns actuall}^ the case. 

The results of the present stud}" indicate that, in most cases, when 
the birds are between the ages of 7 and 20 w-eeks, the ash content of 
the females^ bones with the cartilage retained is greater than that of 
the males^ bones. The X-ray shadow^graphs furnish evidence that 
this difference is due to an earlier calcification of the epiphyses of the 
bones of the females rather than to a greater storage of minerals in 
preparation for egg production, as was suggested by Holmes, Pigott, 
and Moore (d). Furthermore, the bones of the males, either with or 
without their cartilages, contain approximately the same proportion 
of ash at the age of 20 weeks as do those of the females. Moreover 
the greater weight of the bones of the males, as is evident from their 
greater body weight, indicates a larger total quantity of ash stored in 
their skeletons. 

Since the above-mentioned difference was found to be due to an 
earlier calcification of the cartilages in the case of the females, it can 
be avoided in experimental studies by removing the epiphyseal 
eartilages from all bones to be ashed. Furthermore, if the epipliyseal 
cartilages are removed in preparing the samples, the writers^ results 
indicate that it is unnecessary to consider the sex of the individual or 
its age, between the fifth or sixth and the twentieth week. The 
removal of the cartilages in the preparation of the bone for ashing 
juakes the dissection of the bone easier and more accurate, for the 
cartilages can be removed very readily wdth the flesh and periosteum. 
The accuracy of the dissection is an important point, for the wuiters 
have found, in unpublished work, that there is more danger of error 
resulting from faulty dissection than from any other step in the 
analytical teebnic. 

The objection may be raised that the diaphysis alone would not 
indicate the extent of the occurrence of rickets so well as would the 
diaphysis together with the epiphyseal cartilages. St. John, Kempf, 
and Bond (9) found that between normal and rachitic chicks there 
was a greater difference in the ash content of the epiphyseal cartilages 
than in that of the diaphyses. Although this is true, it is also true 
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tliat^ after tlie first few weeks the epiphyses make up only a small 
portion of the combined weight of the bone and cartilages and would, 
therefore, have less influence on the ash content of the sample than 
would the diapiiysis. The writers have found, in unpublished data, 
that the ash content of the diaphyses of bones obtained from rachitic 
chicks is almost as low as the ash content of the diapiiysis and epiphy- 
ses combined. They conclude, themfore, that it is entirely satis- 
factory to use the percentage of ash in the diaphyses of the leg bones 
as a measure of the extent of the development of rickets in the chicken. 

The data obtained by the writers seem to indicate that the tibia 
would ordinarily be most satisfactory for determining the ash content 
of the leg bones of chickens reared under nomial conditions. The 
ash content of the tibia agrees closely with that of the combined long 
bones of the leg, and the use of the tibia alone has the advantage of 
simplifying the anafyTical procedure. This bone has also been 
generally used in the work reported in the literature. 

SUMMARY AND CONCLUSIONS 

Two groups of chickens, one consisting of 350 Single-Comb White 
Leghorns and the other of 350 Rhode Island Reds, were reared on a 
grass range under normal conditions. The ash content of the mois- 
ture- and fat-free leg bones of representative individuals from each 
group was determined each week during the first 20 weeks of their 
lives. Stages of calcification of the epiphyses in the leg bones of 
these birds were noted by means of X-ray shadowgraphs. The 
contents of the calcium and inorganic phosphorus of the blood serum 
and of the ash of the tibiae also were obtained. 

There was no significant change in the calcium content of the 
blood serum of the birds with increasing age, except for a marked 
increase in the case of the pullets just before they commenced to lay, 
After the fourteenth week there were marked changes in the inor- 
ganic phosphorus content of the blood serum, which were probably 
due in part to increasing age and in part to a change in the diet which 
was made at that time. 

The X-ray shadowgraphs indicated an earlier calcification of the 
epiphyses of the bones of the females than of the males and also an 
earlier calcification of the epiphyses of the bones of the White Leg- 
horns than of the Rhode Island Reds. 

There were no significant differences in the calcium and phosphorus 
contents of the ash of the tibiae, nor was the difference significant 
between the sexes. The ratio of calcium to phosphorus in the ash 
of the tibiae was noticeably low on the day after hatching, after 
which it increased to approximately 2.0:1 in all cases. 

The ash content of the diapiiysis of the long bones of the legs of 
chickens of both sexes tended to remain constant between the fifth 
and twentieth weeks. In general, the ash content of the diaphysis 
with its cartilages was higher in the case of the females than in the 
case of the males between the sixth or seventh and the eighteenth 
week, depending on the breed. 

It is concluded that the tibia is the most satisfactory bone to use 
in studying the effect of various diets and sources of vitamin D on the 
ash content of the bones of chickens. It is recommended that the 
epiphyseal cartilages, together with the periosteum, be removed in 
the preparation of the bone for ashing. 
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THE LETHAL EFFECT OF LOW TEMPERATURES ON THE 
VARIOUS STAGES OF THE CONFUSED FLOUR BEETLE ^ 


By Roy H. Nagel, assislarU in Entoniologi/, and Harold H. Shepard, assistant 

entoinologisi, Departnient of Entomology and Economic Zoology, Minnesota 

Agricultural Experinient Station 

INTRODUCTION 

Entomologists know that stored-prodiict insects are not very 
resistant to low temperatures. Refrigeration is employed commer- 
cially to prevent insect damage. Or&narily, insect activity is sus- 
pended in infested articles, or the infestation by insects is prevented 
in ^'sterilized” goods. However, low temperature is rarely used as 
the sterilizing agent in place of heat or a fumigant. 

As compared with the attention paid to the effect of high tempera- 
ture, but little investigation has been made of the lethal effect of low 
temperatures. It must be recognized that the cold resistance of 
different species of insects may vary widely, whereas the heat resist- 
ance varies only slightly. In order to obtain the most economical 
combination of the temperature and the length of exposure, actual 
data are necessary regarding the time required to kill a certain insect 
species at any given low temperatures. 

Because the confused flour beetle {Triboliwn confuswn Duval) is 
an insect with which prepared food products are likely to become 
infested, it was selected for the study reported in this paper. The 
data presented are of particular interest also for their physiological 
significance. 

In applying time-temperature data to the effect of low temperatures 
on insects, it should be understood that allowance must be made for 
tlie time necessary to cool the insect-containing medium, as, for 
example, wheat flour. The measurement of the cooling (heat trans- 
fer) time of standard volumes of various commercial products is a 
separate study which will not be considered here. 

HISTORICAL REVIEW 

Most of the data available in the literature regarding the lethal 
effects of low temperatures on stored-product insects are merely 
isolated observations, often presented without the time of exposure 
being reported. The first accurate measurement of the effect of 
refrigeration on an insect was made by Back and Pemberton (Jf, ^),^ 
who found it possible to kill the early stages of the Mediterranean 
friiit fly by cold storage. 

Although some data published relative to this subject are available 
for other stored-product insects, only one reference to the effect of 
low temperatures on Triholmm confusum is known. Payne (S) says 
that normally it inay recover from temperatures as low as— -14° C., 
but she makes no mention of the duration of the exposure. 

J Received for publication Jan. 4, 1934; issued July 1934, Paper no. 1235 of the Scientific Journal Series 
of the Minnesota Agricultural Experiment Station. 

2 Reference is made by nuraber (italic) to Literature Cited, p. 1016. 
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EXPERIMENTAL METHOD 

A Carrier air-coiiditioned cabinet was eiiiployed in the ('XfH‘rinHMits 
inyolviiig teiiiperatirres from 0^ to 18° C. A variation of less thim 
1° was obtained for the period of eaeli experiment. For tiu‘ ex})(ni- 
nients in which higher temp eratu res were used anotluvr typo ()f <*al)!net 
was utilized in which the tempera, tore vax'ied only Blighil}' ovei' a. 
period of several weeks. 

Triholiwn conjusum were cnltnred in fine wholowlieat flour, about 
500 grains for each lot. The flour was sifted tlu’ougiv jv staiidard 
no. 6 silk bolting cloth (74 meslies to the linear iiudi). About 3,000 
adult beetles were placed in each lot. The cultures were covered 
with muslin and kept at a constant temperature of 27° C. Eggs 
were seldom allowed to accumulate more tlian 24 liours. 

All stages except the adults were exposed in small glass vials, 50 
individuaJs in each, with a few exceptions when 100 W(u*e so (‘xposed. 
The eggs were counted under a binocular nii(‘j*()scop(‘, only those 
which were normally plump being used. The unsfoppered vials with 
their contents were placed in the temperature cabinets. After ex- 
posure each vial was lightly stoppered with, cotton or witli corl< 
stoppers having screen-covered holes. Adults were exposed in silk 
bolting-cloth cylinders. This precaution was necessary because pre- 
liminary tests had shown that the excited adults give off tin odorifer- 
ous vapor. Wlien confined with this gas they soon die, 95 percent 
being killed in 4 or 5 hours. 

During the earlier experiments exposed eggs witlioiit flour were 
placed in a cabinet and kept at a temperature of 27° C. During the 
hatching, results were noted daily, the young larvae being removed 
from the vials and discarded. Later tests showed that the results 
were the same if eggs were allowed to incubate in about 2 grams of 
flour and the larvae counted 3 or 4 days after hatcliing began. The 
tedious work of noting results was thus grea.tly reduced. All other 
stages of the insect were treated in this manner. Check experiments 
of 50 individuals each were always included in each series. They 
were kept at 27° and tlieir condition noted only after tlie observations 
on the exposed insects had been completed. 

All experiments at 7° C. were carried out in glass dc^sicauitors at, 
three humidities, viz. ().2 (7-uim saturatioTi defi- 

ciency), 50, and 73,7 percent. With the exception of five experiments 
which were made without moisture conti’ol, all (‘xperinumt-s at 12° 
were carried out likewise in desiccators at rela.tiv(' humidii-ies of 32.8 
(7-mni saturation deficiency), 50, and 73.7 perc'cnt. At l)()tl) tem- 
peratures no differences in the lethal effects at diflVrcnt humidities 
were observed, neither did there appear to be any diffenuiee in tlu'. 
results obtained from the experiments conducted outside the. desic- 
cators. Accordingly, all the experiments at each of these tempera- 
tures were grouped without regard to moisture condition 

The percentage of mortality in each case was calculated by Abbott^s 
X — n 

formula, '"-^ (100), where xr is the percentage survival in the check 

and y tluit in the exposed lot. In figure 1 are shown curves for eggs 
of three age groups at 12° C. Fifty and 100 percent mortalities were 
estimated in all cases from curves of this type. Each, point in the 
curve shown is an average of the results of from 1 to 14 experiments, 
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each involving 50 individual insects. Although a few points are 
based on a single experiment, no curve is drawn through less than 
eight points. 

INFLUENCE OF AGE ON COLD BESISTANCE OF EGGS 

Davis (7), studying the effects of high and low temperatures upon 
the mosquito Aedes aegypti Linn., found that at — 5.5^^ C., freshly 
laid eggs were slightly more resistant than mature eggs. The writers 
have found the same thing to be true for eggs of Tribolium confusum 
that have been exposed to chloropicrin. 

In order to study the effect of age on the resistance of eggs of 
Tribolium confusum to low temperature, eggs were placed in six age- 
groups, namely, 1 to 24, 24 to 48, 48 to 72, 72 to 96, 96 to 120, and 
120 to 132 hours old. At 27° C., the temperature at which the sifted 
eggs were stored, those 132 hours old were nearly ready to hatch. 
Eggs in the different age groups were simultaneously exposed to low 



Figure l .—Mortality of eggs of Tribolium confusum of dllTerent ages when exposed to a temperature of 12® C. 

temperatures and otherwise treated as nearly alike as possible. In 
counting the survivors of these tests, only those larvae which previous 
experience showed to be able to complete their development were 
counted. Certain larvae died after emerging partly from the egg. 
Others hatched in such a weakened condition that they also soon died. 
All such larvae were considered as having been killed in the egg 
stage. The eggs set aside as checks showed from 78.38 to 90 percent 
survival as calculated from the number of young larvae hatched from 
them. 

Figure ri shows the average results at each age-temperature 
combination. In table 1 is given a summary of the time required 
at the various temperatures to obtain 50 and 100 percent mortality. 
The latter figures do not possess, for comparative purposes, the pre- 
cision of the previous ones, but they are more useful in estimating 
time-temperature relations for insect control. Although eggs were 
separated into 6 age groups most of the experiments were confined 
to 3 ages, namely, I to 24,48 to 72, and 120 to 132 hours old. A few 
results with eggs at other ages are given for the sake of showing the 
influence of the entire range of age on the lethal effects of temperature 
■at'.'““12° G. 




1012 


Journal of Agricultural Remirch 


Vol. 48, no, 11 


Table L — Effect of low temperatures on eggs of Triholiuni corifusuin of different 
ages, 50 and 100 percent mortaUty being the basis of comparison 

50 ILBRCENT 



Number of hours of eii)osure requirtvl to produc 

V uiort.alif y i 

1 <'ggS of 

'rernporature 

Ago 1 t.o 

21 lioiirs 

Ago 24 1.0 
48 hours 

Ago 48 U\ 
72 hours 

72 t.o 
90 liours 

Agi'. 96 to 
120 hours 

.\gO 120 to 

132 Ilnurs 

V7, 

IIH 

43 


258 



157 

7 


214 



110 

0 

—4 

4. 75 

1. 5 

4.5 

1.5 

3,5 

11.25 
3. 75 




— 6 

75 


3. 25 



4 



— 12 « - 

.75 

.75 

1. 5 

3. 5 
.75 

(■> 

2. 75 

1.5 

1. 25 
.^25 

— 18 

. 25 


.25 










100 PERCENT MORTALITY 

12 

2S8 


528 



312 

7 . 

216 


432 



288 

0 . 

13 

11.5 


16 

13. 5 


— 4 - 

9. 25 

8.25 

7 5 

9. 5 

8. 25 


— 0 

6.5 


S 



13 

-12 . 

9.5 

9. 5 

14 

12 

9.5 

6 

1 

— 18 

1 

1 










“ The second series of experiments at “12° C. included fewer eggs for the determinations nl. 1 1o 24 liours 
and at 48 to » liotirs than in the first series at tliat temperature. 


The results show that in general the resistance of tlie eggs is probably 
greatest in the foiirtli age group which includes eggs 72 to 96 hours 
old. According to available einbryological data for Tnholimn 
eonfusuni at this age, the embryos have just undergone dorsal closure 
and the young larvae are becoming rather well formed. It is Ivnowii 
for insect embryos in general that their respiration is at a, low'cr level 
here than at other stages of their development. 

INFLUENCE OF AGE ON COLD RESISTANCE OP LARVAE 

For the purposes of tlie experiments witli larvae of con- 

fusuin three age groups were selected. The first groip) (*onsisted of 
unfed larvae 1 to 12 hours old, averaging 6 hours. The second and 
third groups of about half-grown and of full-grown bu'vae, ri‘spectively , 
were raised on whole-wlieat flour, from eggs the tige of which was 
known for each lot. Because larvae of the sanu^, age varie<l in size 
considerably under the culture conditions, a few third- and sixth-instar 
larvae w^ere selected by the aid of the ineasiu’ements given by (diap- 
man (5) and by Brindley (5). Then by comparison it was possi})le 
to select with a fair degree of accuracy the larvae of these insta.i's 
from the cult Lires in which they predominated. Only active hirvae 
able to resist jarring from a sheet of paper w^ere used, thus eliminating 
those in the process of moltm^ 

The manner in which the laiwae were handled was practically the 
same as that for the eggs. Fifty individuals were used in each experi- 
ment. Observations were made regularly 1 week after treatment. 
The groups of larvae set aside ^ls checks showed 91.2 to 100 percent 
; survival., ■■■;' 

In table 2 is summarized the time in hours required to obtain 50 and 
100 percent mortality for the timee age groups of larvae at different low 
temperatures. These data indicate that the full-grown larvae arc most 
resistant, although the difference is proxioimced only at 7° U. 
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LarViie killed outright hy freezing invariably turn black soon 
afterward. Some others turn black in irregular areas. Many 
larvae which otherwise appeared normal were unable to void feces 
p^ope^l 3 ^ In some cases long, sticklike strands protruded from the 
anus a distance equivaJent to the length of the entire bodju In full- 
grown larvae certain time-temperature combinations produced rare 
winged freaks, examples of metathetel 3 ^^ 

Table 2. — Effect of low ieniperatures on larvae of Triboliimi cortfusuni at different 
stages of growth, 50 and 100 percent mortality being the basis of comparison 

50 PERCENT MORTALITY 


Temperature (° C.) 

Number of hours of exposure re- 
quired to produce mortality in 
larvae of— 

Age 1 to 12 
hours 

Third 

instar 

Sixth 

instar 

7 

134.4 i 
10 

.42 
. IS 

149 

9 

.35 

.17 

197 
11.75 
.48 
. 17 

-fL. ■ 

-12 

-18 



100 PERCENT MORTALITY 


288 

250 

528 

16 

16 

If) 

1. 75 

■ .5 

1 

1 

.5 

. 5 


EFFECT OF LOW TEMPERATURES ON PUPAE 

Pupae of only one age were selected. In general, the lighteivcolored 
ones are ^miingest, and these were chosen for use in the tests, Each 
lot of treated pupae was placed in about 2 grcrm.s of flour at 27® C. 
Mortality vras based on the percentage emergence of the adults. The 
groups of pupae set aside as checks showed a high proportion of 
emergence, 96.32 to 100 percent. 

In table 3 are summarized the times in hours required to obtain 50 
and 100 percent mortality of pupae at different low temperatures. 
Results at 12® C. are not tabulated because exposures over a long time 
showed very little mortality. The keeping of 100 pupae at 12® for 
22 days resulted in only 4 dead specimens. No adults emerged during 
this long exposure. 

Table Z —Effect of low temperatures on pupae of Triholium cmif usuni 


Tempera- 
ture (° C,) 

Hours of exposure reciuired 
to produce— 

.50 i)er(^nt 
mortality 

100 percent 
mortality 

■ ■' ' 7 

258 

432 

6 '1 

.67 

10 

■ -12 

.63 

1.5 

'• -18 ■ -,1 

.13 

. '..5. ' : 


3 Cliapitian (6V p. refers to Stnckland^s study of parasitized Siwa/fum hirvtic in whuli StrickJand 
found that the action of the parasite prevented the wing histoblasts from developing normally, the wing 
pads being greatly retarded and reduced. To this phenomeuon, Strickland gave the term “rnetathetely” 
(to run behind completion). 
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EFFECT OF LOW TEMPERATURES ON ADULTS 

Adults ranging in age from 1 to 5 months were used, no attempt 
being made to study the effect of age on their resistance to low tem- 
peratures. As the adults live a year or more, those used were young 
and vigorous. Treated adults were kept under observation for a 
week or so without flour. Check groups of adults under these condi- 
tions showed 94.66 to 96 percent survival. 

In table 4 are summarized the times in hours required to obtain 50 
and 100 percent mortality of adults at different low temperatures. 
Exposures of adults at 12° C., as in the case of pupae at this tempera- 
ture, are not tabulated. Some activity and little mortality of adults 
occurs at this temperature, groups being kept at dift'erent humidities 
for from 22 to 35 days without showing over 6 percent mortality. 

Table 4 . — Effect of low temperatures on adults of Trihohurn confusuw^ 


1 

Tempera* 

(° c.) 

Hours of exposure required 
to produce— 

50 percent 
mortality 

100 percent 
mortality 

7 

330 

528 

- f) 

8.4 

24 

-12 

. 23 

2 

-18 

.15 

.5 


As mentioned before, it was necessary to place the adults for treat- 
ment in bolting-cloth cylinders to prevent accuiniilatiori, of the toxic 
vapors given off by the excited beetles, i^lxilts injured by low tem- 
perature also give off this vapor which, if the beetles are placed in 
flour, imparts a definitely pink color to that flour. Several series of 
experiments indicated that the intensity of this color varied directly 
with the length of exposuie to low temperature. Chapman (6) noted 
this color in flour and other materials, stating that the vapor is given 
off by beetles irritated mechanically. 

Adults not injured sufficiently to die as a result of their cold treat- 
ment were counted as survivors. It was found that survivors could 
usually be easily determined after a week was allowed for re(*(>very. 
In two instances adults exposed to - 12^^ C. for 45 minut(^s wer<‘- still 
alive after 45 days, but they were never able to crawl about. Ina- 
bility to void feces properly was common aniong injured adult, s as in 
the case of the larvae. Whenever the recovery of an individual was 
in doubt, it was counted as a survivor. Some living adult, s, although 
more or less paralyzed after they had been exposed to - 12^ for 45 
minutes, produced fertile eggs. Survivors of 6 hours exposure to 
produced many fertile eggs. Four hundred adults were kej)t in 
300 grams of flour at 12® for 29 days, but no eggs were laid at that 
temperature. Several days after the removal of these adults from the 
low temperature 400 to 500 eggs were recovered, indicating that egg 
laying was normal after such a period of inactivity. 

RELATIVE RESISTANCE OF DIFFERENT STAGES 

Table 5 shows the time-temperature dosages requiicd to kill both 50 
and 100 percent of the different stages of the confused flour beetle. In 
the case of the eggs and the larvae, several ages of which were ex[)ose<l 
to low temperatures, the results for the most resistant ages are given. 
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Table 5. — Effect of low temperatures on the various stages of Triholium confiisum 
50 and 100 percent mortality being the basis of comparison 

50 PERCENT MORTALITY . 



Stage 

Number of hours of exposure required to produce niortaUty 
at temperature of— 



7° C 
" 

0° C. 

-6° C. 

-12° C. 

-IS® C. 


214 

11.25 

4 

3 5 

0 25 



Larva 

197 

11. 75 

. 48 

18 

Pupa>. 

25S 

336 


.63 
. 23 

. 13 

Adult 


8.4 

1 

.15 






100 PERCENT MORTALITY 


Egg- 

432 

16 

i 

14 j 

14 

1 

Larva ___ 

528 


16 

1 75 

r 

Pupa. - - 

432 


10 1 

1. 5 

. 5 

Adult., 

528 

1 


24 

2 

. 5 







It is apparent from the figures for 50 percent mortality that the 
adults are more resistant than the other stages at the moderately low 
temperature of 7° C. At —6*^, however, the larvae are about as 
hard to kill as the adults and at — 12° the eggs are by far the most 
resistant. The pupae succumb more readily than the other stages. 

The figures for 100 percent mortality provide answers to the prac- 
tical questions of how low a temperature and how long an exposure is 
necessary to kill all stages of the confused flour beetle. It is possible 
to kill every stage of the insect at 7° C. (44.6° P.) if held at that tem- 
perature for nearly 25 days (600 hours). Only 24 hours' exposure is 
necessary if the temperature can be lowered to a little below ”- 6° C. 
(21.2° P^.). 

DISCUSSION 

In no previous instance apparently have the effects of low tempera- 
tures on insects been compared on the basis of 50 percent mortality. 
Carter [f) compared the resistance of various stages of the bean 
weevil {Mylahris ohtectus Say) on the basis of 100-percent kill. All 
stages were killed only after several hours exposure to temperatures 
of — 12° to -“15° C., whereas Triholium confumm in every stage but 
the egg suc(‘innbs in 2 hours or less at “~12°- Robinson {9) deter- 
niined the resistance of tlie rice and the granary weevils (SitopkMus 
oryzae L. and S. granmim L.) to various low temperatures at intervals 
from their respective thresholds of activity to as low as ""17.7°. 
From a comparison of his data with those given here for T. corfuswm 
it appears that the latter species is nearly as susceptible to low tem- 
peratiires as the rice weevil. Given the same low temperature in 
their environments, it is much easier to kill the confused flour beetle 
with cold than it is the granary weevil. Robinson reports that S. 
granarius reqnives 100 hours at ~*6.6° for a complete kill, whereas it 
has been shown here that all stages of T. cortf usum are killed at — 6° 
in 24 hours.-'., 

SUMMARY 

A study was made of the lethal effect of low temperatures on foiir 
stages of the confused flour beetle Duval)— egg, 

larval, pupal; and adult. Data were obtained showing the number of 
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hours of exposure required to produce 50- and 100-percent mortality, 
the temperatures ranging from 12° to — 18° C. 

The eggs were placed in six groups according to age, 1 to 24, 24 to 
48, 48 to 72, 72 to 96, 96 to 120, and 120 to 132 hours. Resistance to 
cold was found to be greatest in the fourth age group, 72 to 96 hours. 

The larvae, were placed in three age groups— unfed larvae 1 to 12 
hours old, half-grown, and full-grown larvae. The full-grown larvae 
were found to be the most resistant, although the dilference was pro- 
nounced only at 7° C. 

The mortality of the pupae was based on the percentage of emer- 
gence of the adults. 

The adults ranged in age from 1 to 5 months, and those not injured 
sufficiently to die as a result of exposure to low temperatures were 
counted as survivors. 

The figures for 50-percent mortality show that the adults wei-e 
more resistant than the other stages at 7° C.; at -6° the larvae were 
about as resistant as the adults; and at - 12° the eggs were tlie most 
resistant. 

The figures for 100-percent mortality show tliat all stages of the 
insect can be killed at 7° C. if exposed at that temperature for 25 
days; but if the temperature, is lowered to —6°, only 24 hours’ ex- 
posure is necessary. 
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INCREASE OF KERNEL WEIGHT IN COMMON WHEAT 
DUE TO BLACK-POINT DISEASE ^ 

By L. R. Waldron 

Agron>o7nist (plant breeding), North Dakota Agricultural Experiment Station 

INTRODUCTION 

This paper deals mainly with the relative weights of kernels of 
wheat {Trilic'um vulgare Vill.) showing the presence of black point” 
and those free from this infection. The main study was made upon 
kernels from individual wheat plants from the F5 population resulting 
•from the cross Reward X ((Kota X Mai'quis) X Hope). The wheat, 
grown at Fargo in 1933, was planted on May 5, which was about 2 
weeks later than the earliest date available for planting in the niii’sery 
where it was grown. 

A sample of the infected kernels wnxs submitted to H. B. Humphrey, 
of the Bureau of Plant Industry, United States Department of Agri- 
culture. Dr. Humphrey reported that about one half of the kernels 
were infected with a strain of Alernaria, while the remainder were 
clearly and positively infected with Helminths pormni saMmpm Pam., 
King, and Bak. Black point was much in evidence in a number of 
common wheats in 1933 in the nursery, the percentage of infection 
varying decidedly with the breeding of the wheat and also, evidently, 
with the time of planting. 

In previous reports upon black point, durum wheats have been 
held to be most commonly infected (Evans ^ and Weniger)*^ although 
the infection has not been at all rare upon common wheats. Weniger 
reports that Helminthosporium may produce different types of infec- 
tion. She mentions head blighting characterized by typical glume 
lesions and empty spikelets, the latter often occurring several in a 
group, or as individual empty spikelets (or florets) in any portion of 
"the head. In addition, the black-point type of infection is mentioned 
as occurring on the seeds. Christensen ^ shoves that H. sativum, 
attacks different parts of the wheat plant, producing various types of 
lesions. 

According to Christensen the various Helminthospo'r^^^^ lesions 
in wheat or other plants result from repeated inoculations, and 
Stakman holds that the disease is not systemic."' The lesions of black 
point must be induced then by local spore infection in the ovules. 
Evidently the time of infection* with regard to the stage of the ovule, 
and the circumstances attending the development of the fungus 
until the ripening of the seed, have not been closely studied. Henry ^ 

1 Received for publication Feb. 9, 1934; issued July 1934. Paper no. 8 of the Journal series of the 
North Dakota Agricultural 'Experiment Station. 

2 EvxNS, N. S. BLACK POINT” OF WHEAT. (Abstract) Phytopathology 12; 34. 1922. 

3 Weniger; W. diseases of grain and forage crops in north Dakota. N.Dak. Agr. Expt. Sta. 

Bull. 255, 97 pp., illus. 1932. ( Revision of Bull. 166.) 

KTheistensen, J. J. studies. on the parasitism op helminthosporutm sativum. Mimi. Agr, 
Expt, Sta. Tech. Bull. 11, 42 pp., illus. 1922. 

s Stakman, L. J. a helminthosporium disease of wheat and rye. Minn. Agr. Expt. Sta. Bull. 
191, 18 pp., Ulus. 1920. , 

0 Henry, A. W. root-rots of wheat. Minn. Agr. Expt. Sta. Tech. Bull. 22, 71 pp., illus. 1924. 
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has shown that high temperatures are favorable for the development 
of Helmin&os'porium, and moisture conditions are of course important. 

EXPERIMENTAL WORK 

Wliile taking notes on samples of grain threshed from individual 
plants, the writer was struck by the apparent differema's m the size of 
kernels from anv one plant, depending on whether the kernels showed 
the presence of 'black point or whether they were free from tlie infec- 
tion. Certain of the plants had the weights in grams per 1,000 
kernels shown in table 1. 


Table 1. — Weight of healthy wheat kernels and of kernels diseased with black point 


Plant no. 

Weight per thousand 
kernels — 

1 I 

Healthy 

Black" 

point 


( fni //bv 

27. 1 
30. 7 
2f:). 2 
30. 2 
32. 2 

Grams 

33. 1 
35, 9 
33. 9 
;k). 1 
38. i 


48.12 259 ’ 

48 12 2XS 




Tlie infected kernels in these instances weighed about 20 jiercent 
more than the kernels showing no infection. 

Of the plants in the group studied in detail, about one half were 
eliminated in the field because of sterile florets. The reinaining plants 
showed a small amount of floret sterility, but witli the exception of 
1 or 2 spikes, perhaps no more than might be expected in view of the 
extreme heat which had prevailed. 

Sixteen plants were used in the study of relative weights of kernels. 
The kernels were carefully removed from the spike and laid in order 
in depressions cut in paraffin blocks and then weighed to fifths of 
milligrams. The 16 plants bad 63 spikes and 2,()3() kernelB. 

A cursory examination suggested that the differences in kernel 
weight might be ascribed to a differential incidence of b]a,(‘k point on 
the different kernels of the spikelet relative to f)ositioru While (he 
third kernel of the spikelet, when present, showed lesions less commonly 
than the basal kernels, it became evident that this did not (^ntiredy 
explain, the differences. 


Table 2.— and weight of hi ack-point and healthy kernels found pa/ired in 
the spikelet, impaired basal kernels, and kernels of the third 


Item 

■ 

Black-point kernels 

Healthy keniels 

Excess 
weigiit of 
diseased 
over 
healthy 
kernels 

Number 

Average 

weight 

Number 

Average 

weight 

Paired . 

344 

34 

....19. 

MiUigrams 
3a0rfc0.17 
35.0d= .71 
31.04: .03 

1,036 

191 

406 

Milligrams 
36.3±0.13 
32.54= .37 
27. J± .20 

Milligrams 
2, 7±0. 21 
2.6± .80 

3.9± .6)6 

“4.74= .22. 

Unpaired ..i 

Third floret 

Total or average.,....,,--. ,„ | 

3S7 

88.34= .18 ' 

1,033 

33. 54= . 12 



This value of 4.7 is simply the difference of the weighted means in columns 3 and 5. 
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The kernels, both those infected with black point and the healthy 
ones, were placed in three categories. ■ Kernels foimd paired in the 
two basal florets comprised the major group; kernels of the third 
floret, the second group; and unpaired kernels of the basal florets, 
the third group. The number of kernels, and the average weight per 
kernel in each of the three classes, and the total weight, are given in 
table 2. 

The elimination of the kernels found in the unpaired and in the third 
florets reduces the average difference in weight per kernel from 4.7 to 

2.7 mg, but even this difference is highly significant as the odds are 
3.3 X 10^^ to 1 against the probability that a deviation as large as, or 
larger than, the one indicated could have arisen from random sam- 
pling. In the comparison shown in table 2, of the kernels of the third 
floret, the kernels of the basal spikelet w^hich were significantly below 
the average in weight and were not infected, are included. Omitting 
the kernels of the basal spikelet, the difference in weight is still 

3.7 ± 0.66 mg. The difference in weight in the unpaired basal kernels 
is 2.5 ±0.8 ing and is significant. Considering the 16 plants indi- 
vidually, the black-point kernels of 15 of the plants were the heavier, 
and the difference was significant in 9 of the 15 cases. In the excep- 
tional case the healthy kernels had the greater weight, but the differ- 
ence wms not significant. 

STUDY OF KERNEL WEIGHT ALONG THE SPIKE 

In studying the paired kernels attention was given to the disposition 
of the black-point and healthy kernels along the spike. The results 
for the 16 plants are summarized in table 3. 


Table 3. — Distribution along the spike of black-point and healthy kernels, in pairs, 
the differences in kernel weight and percentage distribution of kernel weight 


Siiikelet, no. 

Black-point 

Healthy 

Differences in 
weight between 
diseased and 
healthy kernels 

Healthy 

kernels 

Kernels 

Kernel 
weight per 
spikelet 

Distri- 
bution 
of ker- 
nel 

weight 

Kernels 

Kernel 
weight per 
spikelet 

Distri- 

bution 

ofker- 

nel 

weight 


Num- 

Per- 


Per- 

Num- 

Per- 


Per- 


Per- 



ber 

cent 

Milligrams 

cent 

her 

cent 

Milligrams 

cent 

MUlUjrams 

cent 

Percent 



27 

7. 9 

35. TdzO. 55 

7.2 

145 

14.0 

32. 9±0. 30 

12.7 

2.9± .61 

-5. 5 

■ ■ .84. 4 



52 

15. 1 

40. 1± . 33 

15.5 

156 

15.1 

37. 3± .26 

15. 5 

2. 8± . 42 

0 

75. 0 


61 

17.7 

40. 6± .33 

18.5 

157 

15. 1 

39.2d= .26 

16.4 

1. 4± . 42 

2. 1 

' 72. 1 

4 

75 

21.8 

41. 0± .26 1 

23.0 ! 

151 

14.6 

38. 8± .27 

15. 6 

2. 2± .38 

7.4 

66. 9 


68 

19. 8 

39. 3± . 33 ! 

19.9 

148 

14.3 

38. 0± .33 

15. 0 

1. 4± . 47 

4.9 

.68.5 



.39 

11. 3 

35. 4± . 61 i 

10.3 

155 

15.0 

34, 9=b . 34 

14. 4 

. 5± . 70 

--4. 1 

79. 9 


16 

4.7 

35. 2d=l. 26 i 

4. 2 i 

88 

8.5 

32. 3± .44 

7.6 

2. 9±1. 34 

-3.4 

-84. 6 

8 

6 

1.7 

31.7±1.48 

1.4 

32 

3.1 

29. ld= , 77 

2. 5 

2.6±1.67 

-1. 1 

84,2 

9...... 

0 

.0 

.0 

.0 

4 

.4 

34.2 

.4 



-.4 

100.0 

Total or 












average. 

344 

100.0 

39. 0=t . 17 

100. 0 

1,036 

100.1 

36. 2± , 13 

100, 1 

2. 8± , 21 

:-.l 



From spikelet 1 (basal) to 6 the percentage distribution of the 
healthy kernels approaches uniformity, varying but 1.1 percent, while 
the distribution of black-point kernels over the same spikelets shows 
a range of 13.9 percent. The higher percentages for black-point 
kernels are found in the center of the spike, and it is there that the 
‘heavier healthy as well as black-point kernels are found. The aver- 
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ae:e' weio'iits per kernel for each spikelet are multiplied by the cor- 
respoiidmo* percentage distributions, and these results, for the two 
groups, reduGed to percentages, are found in columns 5 and 9. When 
the paired kernels in the two basal florets are studied, it is found that 
the heavier kernels are those which carry the greater amoimt of black 
point. The net results of this difference in weiglit are indicated in 
column 10. 

The middle kernels of the spike are fertilized fitst, but tlie total time 
for blooming was quite certainly not over 3 days, as the weather was 
hot and dry. This earlier fertilization may have been responsible in 
part for a better nutrition of the central kernels and_ their consequent 
greater weight. The fungus may have found easier access to the 
ovules receiving the better nutrition. The time element may have 
been a factor influencing the place of infection on the spike, but it is 
doubtful whether the entire difference in weight can be attributed to 
this difference in time of infection. 

It is seen in table 3 that differences in weight between the black- 
point and healthy kernels are found regularly in each spikelet. When 
the probable errors were calculated the differences were found to be sta- 
tistically significant in the five lower spikelets. The few bhick-point 
kernels in 2 of the 3 upper spikelets resulted in probable errors too 
large for the differences to be significant although tlie absolute dif- 
ferences are relatively large. The sixth spikelet sliowed a. sniall 
difference in \veight in favor of the black-point kernels. Tlie differ- 
ences in the standard deviations are very generally contrary to tliose 
of the means, in that the distributions of the healtliy kernels sliow 
greater variability than do those of the black-point kernels. The 
coefficients of variability of the two series, black point and healthy, for 
the eight spikelets are shown in table 4. 


Table 4. — Coefficients of variahility of weights of the basal pan of kernels in the two 
gronpSy black point and healthy 


Spikelet 

no. 

Coefficient of variability 

Spikelet 

no. 

(''oeflicient of varialulity 

Black-point 

kernels 

llealthy 

kernels 

DilTerence 

Black-point 

kernels 

Healthy 

In^nu'ls 

DilTerence 

; 

2., ; ■ 

8. 

4_. 

11. 7l)±l. 11 
8.f>6=t .58 
.57 

8,()8± .45 

16. 44±. 67 
12. 69±. 49 
12. 24±. 46 
12. 46±. 49 

4. 74±1 . 30 
4.03=b .76 
2.02± .73 
4.38± .67 

5- 

6 

8 

10.27± .60 
15. HO-irl.25 
20. 03A:2. 56 
15.42d*3.36 

15.93,^.61 
17.92-i:. 71 
IH. 67 d;. 09 
21.904.97 

5. Ofhh .88 
2. 124-1, 44 
1- 1.964 2.75 
6,4843.51 


In spikelets 1 to 5 the distribution of the healthy kernels lias a, 
variability significantly greater than that of the black-point kernels. 
If the two series of distributions are merged so that the distribution of- 
the total healthy can he compared with the distribution of the total 
black point it becomes evident where the greater variability of the 
healthy-kernel series originates. The two distributions expi’essed in 
percentages are shown in table 5. 

The sums of the positive and negative differences are necessarily 
equal. The healthy kernels show an excess of variates in the lower 
weight classes. This is suggested, by the two means (table 2). The 
excess of distribution of the healthy kernels extends over 11 of the 
lower weight and 1 of the higher weight classes, while the correspond- 
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ing deficiency is. confined to 6 classes in the higher ranges. Skemiess 
is negative in both cases but more pronounced in the case of the 
healthy kernels. The greater variability shown in table 5 in the 
healthy kernels characterizes most of the spikelets and especially 
those which have the greater numbers of kernels. 


Tablbi 5. — Percentages of healthy and black-point kernels in the various iveighi 

classes 


Item 

Percentage of kernels in weight class indicated 

into 17 
rug . 

IS to 19 
rng 

20 to 21 
mg 

22 to 23 
mg 

24 to 25 
mg 

26 to 27 
mg 

28 to 29 
mg 

30 to 31 
rag 

32 to 33 
mg 

34 to 35 
mg 

Healthy kernels 

0.4 

0.6 

1.2 

1.5 

2.4 

4.0 

4. 1 

6.7 

8.0 

H.l 

Black-point kernels . 

.3 

.3 

.0 

.0 

.6 

.6 

1.7 

4.6 

4.1 

7.6 

/ 

Ditference...-' 

. 1 

.3 

1.2 

1.5 

l.S 

3.4 

2.4 

2. 1 

3.9 

3.5 



Percentage of kernels in weight class indicated 

I tern 


. 











36 to 37 

38 to 39 

40 to 41 

42 to 43 

44 to 45 

46 to 47 

48 to 49 

50 to 51 

Total 



nig 

mg 

mg 

mg 

mg 

mg 

mg 

ing 


Healthy kernels 


12. 3 

13.7 

15. 5 

9.0 

6. 2 

2.4 

O.S 

0. 2 

100. 1 

Black-pointi kernels.. 


11.6 

18.0 

20.1 

15. 1 

10. 2 

4. 1 

.6 

.6 

100. 1 

Difference 


. 7 

. -4.3 

-4.6 

-6. 1 

-4.0 

-1.7 

. 2 

-.4 

.0 


A study was made of the kernel weight of the first and second ker- 
nels per spikelet of spikes with nearly or quite healthy kernels. It 
was not evident that the lower kernel differed in weight from the ker- 
nel standing second in position. It follows, then, that the differen- 
tiation in w^eight of kernel with respect to incidence of black point 
upon the two lower kernels per spikelet is not due to the position of 
the kernel in the spikelet, associated with normal weight differences. 

In any plant, on an average, the black-point kernels are heavier 
than those evidently free from disease. In pa,rt this weight difference 
may be ascribed to kernel position. Certain kernels of the spike are 
so located that their weight is decidedly less than that of kernels 
differently located. Tliere is a differential in incidence of disease 
with regard to these two kernel groups. Thus weight differences nf 
healthy and diseased kernels may be ascribed to weight differential 
due to locality in the spike, combined with a differential of disease 
incidence. Blit beyond this, between healthy and diseased kernels, 
weight differences are found which are not due to location in the spike, 
as is shown in table 2. Finally, a comparison, or series of compari- 
sons, is to be found in the paired kernels of the basal florets of each 
spikelet. In each of the eight spikelets, the black-point kernels are 
the heavier (table 3). In these instances, also, the heavier weight of 
the black-point kernels is not due to any deviation from the normal 
i n kernel size in conjunction with differences in incidence of disease. 

The question arises whether the normally larger kernels of the spike 
were attacked by J*/Zm (and AUernana) or whether, when 

the young kernels of a group of potentially the same mature size were 
attacked, such kernels were somehow stimulated to develop a larger 
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amount of endosperm^ than if no infection had taken place. It 
appears that both factors are responsible for the- greater weight of the 
black-point kernels in the spike and in the plant. 

COERELATION RESULTS 

It was possible to calculate correlation coefficients between percent- 
ages of black point and yield in the 1933 crop. In one instance a con- 
.siderable number of yields were calculated from 5-loot rows. These 
rows were planted with F5 selections from the cross Ceres X Hope- 
Florence; a single mother plant seeded one row. Tlie stands of grain 
varied more or less; before harvest, notes were taken on the stand, 
and the yields were corrected to a uniform stand. The errors in- 
volved in this correction were thought to be less than those wliicli 
would arise from uncorrected yields. ’ Countings were made on the 
threshed samples of the frequency of the occurrence of black point 
and the percentages estimated. The weight per 1,000 kernels was 
also determined. The means and the standard deviations of these 
three characters calculated from 267 variates are shown in table 6. 


Table 6. — Correlatiom « between yield of wheat, weight of black-pomt kerneh, and 
percentage of black-poini kernels in the 1983 crop 


Item 

Yield per 
acre 

Weight of 
1,OUO 
kernels 

Black- 

point 

kernels 

Standard deviation.,- 

Bushels 

34. 45±0. :n 
7. 57rfc: . 22 

Grams 

37. 14rfc0. 09 
2.06± .0(5 

Percent 

21. 98A:0. 48 
ll.OSi .34 


« The 3 earrelation coeffieientvS calculated were: Black point and yield, 0.22^:0.04; yield and 1,000-ker- 
nel weight, 0.32±0.04; black point and 1,000-kerhel weight, 0.17=h0.04. 


None of these coefHcients is very high, but the first one, which 
perhaps is of greatest interest, is about five times the probable error. 
Evidently there is a positive relationship hetween the presence of the 
infection and the yield, as secured. When the weight per 1,000 
kernels is held constant the partial correlation between yield and blac'k 
point is 0.18 ± 0.04. This still shows some significaiu^e. 

In the cross first inentioned in this paper it was possible to (‘.ahmlate 
correlations siiriilar to those given, except tliat weight- of g.nun per 
plant was used instead of yield. The coefficients are as follows: 


Black point and grain yield per plant™- - (). 09 -!.0. 04 

Yield per plant and 1,000-kernel weight-™™- . 27.-! . 04 

Black point and 1 ,000-kernel weight™ . 32 :h . 03 


Widen the weight per 1,000 kernels is held constant the cor;relatio.ii 
between black point and grain yield per plant becomes essentially 
zero. The total correlation between these characters is negative but 
not significant,^ Correlation of fairly high significance is shown be- 
tween black point and 1,000-kernel weight, lliis is in keeping with 
the results shown in the earlier part of this paper. 

" As the endosperm in a normal kernel of wheat comprises about 85 percent of the total weight it is fair 
that the e.s:cess weight of the diseased kernels would be distributed mainly t;o the endosperm. 
The black-pomt kernels appeared to be normal in sha^. Any contribution to the greater weight of the 
black-point kernels made by the substance of the invading organism .must have been negligible. 



June 1,1934 Increase of Kernel Weight in Wheai Due to Diseuse 1023 


DISCUSSION 

More exact studies as to the causal relationships with regard to the 
various external factors are greatly desired. It is known that the 
epidemic of black point in 1933 was associated with high temperatures 
and low seasonal moisttire conditions. The wheats studied, started 
heading about June 22, and blossoming was probably well under w^ay 
by June 25. A comparison of temperatures and rainfall for the last 5 
days of June and the first 15 days of July are shown in table 7. 


Table 7 — Temper ahireH and precipitation for the last 6 days of June and the first IS 

days of July 1933^ 


Item 

June 26-30 

July 1-5 

July 6-10 

1 

July 11-15 

Total 

Temperature: 

° F. 

° F. 

° F. 

° F. 


Average daily mean 



73 : 

74 


Normal ^ 

67 

68 

67 

67 


Excess in 1933 1 : 

8 


6 

7 


Precipitation: 

Inches 

Inches 

Inches 

Inches 

Inches 

Total in 1933 

1, 65 

.0^ 1 

.81 

17 

2. 63 

Normal 

.86 

. 77 

■ .47 

.59 

2, 69 


« Data are from the official records of the United States Weather Bureau. The normal values of pre- 
cipitation were taken from the Monthly Weather Review, Vol. 58, Siippl. No. 34, p. 59, May 1930. 


The daily temperatures were greatly in excess of the normal for the 
whole 20 days and particularly during the last 5 days of June. The 
season was unusually dry, but from June 26 to 30, 1.65 inches was 
recorded, which was decidedly in excess of the expected amount for 
the 5-day period. Thus for a short period, in the early life of the 
wheat seed, conditions of high temperature and high rainfall obtained. 
It is quite unknown, of course, whether the weather conditions varied 
in such a manner during the period of infection as to account for the 
differences in incidence of black point which were shown to exist 
between basal kernels and kernels of the third floret and also between 
the mid-spike kernels and those near the base and near the tip of the 
•spike. It is not conceivable that any differentiation in weight due 
to position could be brought about within a single spikelet or in the 
third-floret kernels within the spike, as was the case in several 
instances. 

On the other hand there seems to be no report in the literature that 
a seed infected by a fungus is stimulated, and consequently increases in 
growth. If stimulation resulted in this case, an increased amount of 
endosperm must have been laid down, but there seems to be little or 
no information as to any causal relationship which might have 
brought this about. 

SUMMARY 

A heavy mfection of black point, caused largely by 
Sf orium sativum Pam,, King, and Bak., was found on various cominon 
wheats at Fargo in 1933. On any one plant, in the hybrids studied, 
the black-point kernels generally were definitely heavier than the 
kernels showing no evidences of infection. 

This difference in weight can be ascribed in part to a difl'erence in 
infection of kernels differing normally in size because of position in 
the spike. Third-floret kernels and end-spike kernels carried less 
infection than the heavier mid-spike kernels. 
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Within any kernel group of the spike, such as the t.hii*d-iloret, group, 
the black-point kernels were significaiitly heavier than tfie nouinfected 
kernels. The obvious conclusion seems to be that a. portion of the 
weight difFerences results from a stimulation of tlu^ <lev(d()piiient of 
the endosperm following the entrance of the fungus into tlie develop- 
ing ovule. 

In one experiinent, a coefficient of correla.tion of 0,22 d: 0.04 was 
found between the percentage of black point and tlie yi(^ld in 5-foot 
rows and a coefficient of 0.32 4:0.04 was found l)etween bbi(‘k point 
and weight of 1,000 kernels. In a study of individual plant.s i*esulting 
from a different cross, a correlation of -""0.09 ±0.04 was seeured 
between the percentage of black point and the weight of the grain per 
plant and a correlation of .0.32 ± 0.03 was obtained between pei‘(‘entage 
of black point and the weight per 1,000 kernels. 



A STATISTICAL STUDY OF THE RELATIONSHIPS 
BETWEEN THE CONSTITUENTS OF MILK ' 

By Alex Black and LeRoy^ Voris, assistants in animal nutrition^ Institute of 
Animal Nutrition, Pennsylvania State College 

INTRODUCTION 

The quantitative relationships of the fafc, proteiiij total solids, and 
solids not fat in cow’s milk have been extensively investigated 
Ovennan, Sanmann, and Wright Gaines ( 6 ), Cranfield, Griffiths, 
and Ling (4, 5), and others. The purpose of this study is to contrib- 
ute further to the subject in general, but especially to extend the con- 
sideration into the field of the inorganic constituents, wffiich have 
received comparatively little attention. 

'Many studies of the relations existing between the different con- 
stituents of milk have been undertaken from the commercial point of 
view, especially with reference to the detection of adulteration, the 
establishment of legal standards, and the enrichment of milk, partic- 
ularly in fat; and other studies have been made on the origin of the 
various constituents of milk, the methods of their secretion, the 
factors affecting their elaboration, and the interrelationship of these 
constituents. In the present study, which is statistical in method, 
the immediate objective has been to discover relationships of con- 
stituents which might subsequently be subjected to intensive inves- 
tigation from the physiological point of view. 

The data on which this paper is based were obtained from analyses of 
the milk of 12 Holstein-Friesian cows during an entire period of lacta- 
tion. The animals were maintained under uniform conditions of care 
and feeding, without pasture, and were kept indoors, except for 
short daily periods of controlled exercise. 

Ill relation to feeding treatment the cows were divided into two 
groups, one of which received timothy hay, corn silage, and concen- 
trate mixture; the other, alfalfa hay, corn silage, and concentrate 
mixture. The protein content of the rations of the two groups was 
approximately equalized by varying the composition of the concen- 
trates. Within both of the groups 2 cows were given a supplement of 
pulverized limestone, 2 a supplement of commercial bone meal, while 
2 received no inineral supplement. 

No evidence was foimd that the composition of the rations affected 
the composition of the milk in any characteristic manner. The analy- 
ses of the milk, therefore, were combined into a single group for the 
present study. 

The usual seasonal variation in the composition of milk, dependent 
on changes in the ration, was not brought out by the method employed 
in this investigation, but the changes in the composition of milk 
which occur with the progress of lactation were observed, and these 
contributed to the statistical constants determined. 

1 Received for publication Feb. 21, 1934; issued July 1934. Published as Technical Paper no. 638 of the 
Instituteof Animal Nutrition. 

2 Reference is made by number (italic) to Literature Cited, p. 1032. 
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Tlie relationships reported are those of fat, energy, protein, total 
solids, solids not fat, lactose, ash,- calcium, phosphorus, inagneskim, 
chlorine, sodium, and potassium. 

EXPERIMENTAL METHODS 

The data treated represent 134 samples of^ milk whicli were, in 
greater part, composites of alic[iiots of each milking for 28-day periods. 
The time of calving, or of the end of the period of lactation, however, 
made certain of the milk-sampling periods shoi'ter than tlie iisiia! 28 
days. 

The method of preserving the milk, and the niethods and results of 
the determinations of energy, fat, protein, total solids, and solids not 
fat, have been reported in a previous publication by Kalilenberg and 
Voris (iO). 

Ash, sodium, and potassium were dete.rmined by the official methods 
of the Association of Official Agricultural Chemists {2), 

Calcium and magnesium were determined by the McCrudden 
method {11, 12), combined with the filtration and titration teclinie 
suggested by Halverson and Schulz (60. 

Phosphorus was determined gravimetrically by the Neiiniaiin- 
Pemberton wet combustion method {15), 

Chlorine was determined by the official method of the Association of 
Official Agricultural Chemists {2) except that 0.05 .normal silver 
nitrate solution and 0.03 normal potassium thiocyanate were used 
instead of 0.1 normal silver nitrate and potassiiirn thiocyanate as 
specified. 

The percentage of lactose was obtained by subtracting the sum of 
the percentages of ash and protein from the percentage of solids not 
fat. 

The statistical methods were, in general, standard procedures, in the 
form used by Harris and Benedict {9), with supplenientary use of 

Pearson’s tables (f 4)- 

PRESENTATION OF DATA AND DISCUSSION OF RESULTS 

Table 1 summarizes the analytical data arranged in tlie order of 
increasing percentage of fat, by giving the iiiear/ percentage of eacli 
constituent coTTesponding to intervals of 0.2 ])cr(*ent in the nuMiii fat 
content. The means, standard deviations, and (‘oedhienls of viuia- 
tion,wyith their respective probable errors, are given in tun.bl<^- 2; the 
coefficients of correlation between the milk constituents are riaamhal 
in table 3 ; and the correlation coefficients are arranged, with resjiec/t to 
inagnitiide and statistical significance, in the form of a frequency 
distribution, in figure 1 . ‘ 

VARIABILITY 

It has been generally conceded in discussions of the coniposition of 
milk that fat is one of the most variable, if not the most variable, 
constituent. However, the individual inorganic constituents have not 
generally been taken into account— the ash usually being considered as 
a^single ingredient— and the samples of milk have not usually been 

obtained from animals under conditions of experimeutah^^^ 

_ The coefficients of variation in table 2 show that the sodium, the 
chlorme, and the magnesium content of milk varies much more than 
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does the fat, and that protein varies as much as does fat. It may be 
that the fat content of milk is more easily affected by disturbing condi- 
tions than is the protein content, and that under the uniform condi- 
tions maintained throiighout this experiment fat was less variable than 
it is iiiider ordinary feeding practices. 



FiGUitE 1. “-Distribution of correlation coefficients between quantities of milk constituents: F, fat; E, 
energy; P, protein; total solids; 7’, solids not fat; L, lactose; /I, ash; C, calcium; B, iffiosphorus; M, 
magnesium; X, chlorine; N, sodium; and K, potassium. 


Table 1. — Siimmary of ancilytical data, giving average percentages of each milk 
constituent when mean fat content is arariged in 0.2 percent classes 


Fat range (percent) 

Samples 

Fat 

Nitrogen 

Protein 

Total 

solids 

Solids 
not fat 

Energy 
per gram 

Lactose 


Number 

Percent 

Percent 

Percent 

Percent 

Percent 

Calories 

Percent 

2.60 to 2.79 

6 

2.70 

0. 424 

2.71 

10. 85 

8. 15 

586 

• 4. 71 

2.80 to 2.99 

13 

2. 93 

.434 

2.77 

11. 37 

8. 44 

615 

4. 93 

3 00 to 3.19 

26 

3. 10 

.447 

2. 85 

11. 79 

8.69 

643 

6. 12 

3.20 to 3.39 

34 

;b29 

.470 

3.00 

12. 08 

8. 79 

666 

5. 06 

3.40 to 3.59 

13 

3. 46 

. 498 

3. 25 

12. 46 

9. 00 

690 

.5.01 

3.60 to 3.79 

18 

3. 72 

.510 

3. 31 

12. fiS 

8. 96 

716 

4. 93 

3.80 to 3.99-- 

10 

3.89 

. 513 

3.27 

12.98 

9. 09 

732 

5. 05 

4.00 to 4.19 

7 

3 

4.09 

.569 

3, 63 

13. 49 

9. 40 

774 

5.01 

4.20 to 4.:i9-----. ------ 

4. 25 

. 571 

3. 65 

13. 93 

9. 68 

793 

5. 24 

4.40 to 4.60 

4, 

4. 50 

.600 

3.83 

14. 40 

9. 90 

825 

5. 26 

Fat range (iicreent) 

Sanqiles 

Ash 

Sodium 

Potas- 

sium 

Calcium 

1 

Magne- 

sium 

Phos- 

phorus 

Chlor- . 
ine 


Nil mher 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

2.60 to 2.79... - 

6 

0.742 

0.081 

0. 143 

0. 094 

0. 013 

0.085 

0. i:v2 

2.80 to 2.99 - 

13 

. 741 

.063 

. 146 

. 103 

. 012 

. 091 

. no 

3.00 to 3.19 

26 

. 737 

.064 

.149 

.106 

. 012 

.093 

.100 

3.20 to 3.39 

34 

.743 

.0.55 

.143 

.109 

. 013 

. 094 

, 108 

40 to 3.59 - - - 

13 

. 770 

.076 

, 140 

. 116 

.013 

. 097 

. 117 

3.60 to 3.79. 

IS 

. 775 

. 058 

. 128 

. 121 

. 013 

. 097 

.109 

3.80 to 3.99--..- 

10 

.768 

.068 

. 144 

.115 

.015 

.101 

. 098 

4.00 to 4.19 . 

7 

.768 

,069 

. 126 

.123 

. 014 

.095 

. 110 

4.20 to 4.39. 

3 

.790 

.082 

.121 

. 130 

, 016 

.105 

. 109 

4.40 to 4.60....- 

4 

.810 

,066 

.139 

,128 

. 019 

.111 

.095 











Among the individual inorganic constituents, sodium seems to be 
the most variable. This may be only apparent, the variabilit3r of the 
data being due in part to difficulties encountered in analysis; but 
chlorine, with which sodium shows the closest correlation, and which 
is not particularly difficult to determine, also shows a variability 
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stri]cinp:ly greater tlian that of any of the other constituents except 
magnesium. Therefore, inasmuch as sodium and chlorine are 
largely in combination with each other, sodium chloride is presumably 
tlm most variable constituent of milk. Pinssible explanations of 
this variability are suggested in the discussion of the correlation 
coefficients. 


Tabi.I!] 2. — Mean-s, dandard demitionfiy (md.coeJIlcicrUs of luirlation. of coriMiluofift^ 

of milk 


Oonstituent 

Aieaiis 

Standiird 

deviations 

C()e(ru'ie.nls 
of variation 

Eat 

:i 4095=h0. 0245 

0. 4207 ±0. 0173 

12. 34±0. 52 

Protein 

3.0770± .0224 

.3S38± .0158 

12.47± .52 

Total solids 

12. 2713± . 0481 

. 8250± . OiMO 

0. 72± .28 

Soli ds not fat 

8.S()19± .0277 
080.075 ±3.299 

.4752± .0190 
.50. 01 ±2. 332 

5. 30± , 22 
8, 32± .35 

Lactose^--., 

5.0274± .0181 

,310S± .0128 

0. 18± .20 

Ash 

.7547± .0024 

. ()420± . 0017 

5.57± .23 

Sodium - 

.057r)± .0011 

. 01S4± .0008 

31. 94 ±1.44 

Potassiui'iL 

.1392± .0010 

, 0172± . 0007 

12. 30± . 52 

Calcium ■ 

.1117±.(K)07 

! .0117±.0005 

! U).47± .44 

Magiiesiiim 

.013l± .0002 

.0030± .0001 

22.90± .99 

Phosphorus 

Chlorine - 

. 095l± , 0005 

. ()01K)± . 0(.)()4 

9. 40± .39 

.1077± .0013 

,0210± .0009 

20, ()0± . 80 


Table 3. — Coefficienis of correhdion helween quanHlies of milk ro/isliturnls 


Constituent 

Correlation r 

Const, itiienl; 

Correlal ion r 

Pat and— 


Total solids and - Continued. 


Energy 

0. 9502±0. 0057 

Phosphorus 

0. 5448±0. 0410 

Total solids 

. 9076± . 0103 

Ash 

. 3843± . 0497 

Protein 

.7000± .0297 

Lactose 

. 36f)7:± . 0504 

Solids not fat, 

. f»885± , 0300 

Sodium... 

1555± . 0569 

Calcium 

.6r)40± .0325 

Chlorine. 

-.20f)4± .0558 

Magnesium 

.4690± .0455 

Potassium 

™.2932± .0533 

Phosphorus..,, 

. 4166± . 0482 

Solids not fat and— 


Ash 

. 3823± . 0498 

Total solids. . . 

. 9382± . 0070 

Lactose... 

.1204± .0573 

Energy 

.8565± .0155 

'Sodium 

~-.1027± .0576 

Protein ... 

.78<y8± .0222 

Chlorine 

”. 1]94± .0574 

Calcium 

. 767()± . 0240 

Potas.sium 

~.2242± .0553 

PTit . . 

. ()885± . 0306 

Energy and— 


Magnesium . 

.<;()83± .0367 

'Potal solids 

.9817± .0021 

Phosphorus 

.58I3± .0386 

Pul. 

.9502± .0057 

Lactose. . 

.5320± .0418 

Solids not. fat . . .... 

.856r>± .0155 

Ash. 

.3362 -1: .0517 

Protein.. .. 

.8101± . 0200 

Sodium . 

1777.± .0564 

Calcium 

. 7f598± . 0237 

Chlorine. 

2506-1- . 0546 

Magnesium 

-5t>12± .0399 

Potassium . . 

—.306 1-1- .0528 

Phosphorus ... 

.4787± .0449 

■T^ictose and - 


Ash 

.4125± .0484 

Solids not fat.. . 

.5320 -L ,0118 

Laeto,se 

.2491± .0547 

Total soli<ls. . 

.3667± .0504 

Sodium.-- : 

-.1201± .0574 

Magnesium 

.32814:, .0.520 

■■'Chlorine,. 

-. 1452± .0570 

Phosi)horiis_ 

, 3005 ; J . 0530 

Potassium. 

--.3252± .0521 

Energy . - . 

,2491± .0.547 

Protein and— 


Ihftassium , 

. 1767 -' ,0.565 

Total solids. ... 

.8760± .0136 

Calcium . , 

.1306± ,0.573 

Energy.... . 

. 8101± . 0200 

Eat-,- - ■ 

. 1264± .0.573 

Solids not fat— 

.7868± .0222 

Protein . . 

— .1134-± .0,575 

Calcium........ 

. 7728± .Om 

Ash - . 

“~. 3891± .0494 

Eat 

. 7000± .0297 

Sodium- 

“-..50074: .0437 

'■■ As,h...... 

. 6194± .0359 

Chlorine 

. 7030± .0295 

Ph osphorus .... 

.4354± .0472 

Ash and — 


Magnesium. 

,4262± . 0477 

Oalciuin.. ... . 

. ()6378 -b; . 0.346 

■ Chlorine. 

; .2197±.0555 

Protein- 


Sodium.-. — - — .. 

! . 1445± .0571 

Magnesium — 

. 4,579± , 0460 

'Lactose.. — _ 

1 -.1134± .0575 

Sodium.-. 

.4511± .0464 

Potassium', — .... 

4934± . 0441 

Chlorine. 

_4p^f,47 ,04S1 

Total solids and— 


Energy—,. 

] 412.5; h . 0484 

. ■ Energy . 

*9817±.0021 

Total solids . . . 

. 3843± . 0497 

Solids not fat- . . - ... .... 

.9382± . 0070 

■ -Eat y,. 

.3823± .0498 

'■'Fat— ' . 

. 9076± .0103 

Phosphorus. - 

. 35644 . 0.509 

' : Protein., — ■ '■ ■. 

.8760± .0136 

Solids not fat . . . . „ . .. . 

.3362± .0517 

■ Csleium.. ...■ 

. 7793± .0229 

PotaSvSiuin . . 

“ . 3219+- .0522 

. Magnesium 

.5893± .0;380 l 

Lacitose 

'-.3891T ri)494 
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Table 3. — Coejflcknts of correlation between quantities of milk constituents — Con. 


. Constituent; 

Correlation r 

Constituent 

Correlation r 

(3a.leiiim and — 

Total solids , 

0. 7793-tO, 0229 

Chlorine and— 

Sodium __ ... 

0. 61094=0, 0365 

Protein 

.7728± .0235 

Ash . . 

.41854: .0481 

EnergV- ~ - - - 

. 7f)98± . 0237 

Protein _ 

. 2197=4 . 0555 

Solids not fat,,. 

. 7r)70± . 0240 

Magnesium. 

. 04444: . 0582 

Fat„. 

. . 0325 

Calcium 

-.06204= ,0580 

Ash,. -- , - 

. f)378rJr . 0345 
. 4508± . 0404 

Fat . . 

-.11944= .0574 
— . 14524: . 0570 

Phosphorus 

Energy 

Magnesium : . 

.3305± .0517 

Totafsolids-- 

-.20644: .0558 

Lactose, - ,, 

. 130f)± . 0573 

Solids not fat 

-.2.5064: .0546 

Chlorine 

— .0I)20± .0580 

Phosphorus 

-.26824= .0542 


~.0785i .0579 
4399± . 0470 

Potassium ... . 

-.38254; ,0497 


Lactose . . 

-. 70304= . 0295 

Phosphorus and— 

Sodium and— 


. 5S13± . 0386 
. 5448± . 0410 
.4787db .0449 

Chlorine 

.61094= .0365 


Ash... 

.45114= .0464 


Magnesium 

. 19264= . 0561 


. 4519± . 0464 
. 4508± . 0464 
. 4354± . 0472 
. 4166d= . 0482 
. 3564± . 0509 
. 30054= . 0530 
. 1383± . 0572 
-.00954= .0583 
-.26324= .0542 

. 60834= . 0307 
. 58934= . 0380 

Protein 

. 14454: . 0571 

Calcium 

Phosphorus. 

. 13S3=fc . 0572 

Protein 

Calcium 

-.07854: .0579 

Fat 

Fat 

-. 10274: . 0576 

4 sil .... 

Energy..- 

-. 12014: . 0574 

'Lactose. 

Snrlinrn 

Total solids 

Solids not fat---. 

-.15554: .0669 
-. 1777± . 0564 

Potassium 

Potassium 

-. 23674= . 0550 

Chlorine 

Lactose. 

50074= . 0437 

Magnesium and— 

S 0)1115! nof fnt 

Potassium and— 

Lacto.se 

. 17674: . 05f)5 

OUilClo Ltlv ^ . 

Total solids. . 

Magnesium 

. 03824= . 0582 

Energy-.... 

. 56124= . 0399 

Phosphorus 

0095± . 0583 

Fpf: 

. 46904: . 0455 
. 45794= . 0460 
. 45194= . 0464 
. 4262± . 0477 

1 . 33654= . 0517 

. 32814= . 0520 
. 19264= . 0561 
, 04444= . 0582 
. 03824= . 0582 

Fat. 

22424= . 05e53 

A .sih 

Sodium. . 

-. 23674: . 0550 

Ptiofjp horns 

Total solids ....! 

-.2932± .0533 

Protein 

Solids not fat 

30614: . 0528 

Cfilcuhii'P 

Ash.... 1 

-. 32194= . 0522 

T /q OtOiSP 

E.nergy 

-.32524= .0521 

Sort in m 

Chlorine i 

-. 3S25± . 0497 

Chlorine 

Calcium 

-.43994= .0470 

Potassium — 

Protein 

49344= . 0441 


The exceptional variability of magnesium which was observed has 
also been noted by Allen ( 1 ), but no adequate explanation of this 
fluctuation is apparent. 

Solids not fat show the least variability, followed, in the order of 
increasing variability, by ash, lactose, total solids, energy, phosphorus, 
calcium, chlorine, magnesium, and sodium. 

CORRELATIONS 

In the interpretation of the correlation coefficients any correla- 
tions greater than 0.4600, that is, correlations of a magnitude greater 
than iO times their probable error, have been considered of definite 
significance. Correlations of from 0.3130 to 0.4600, which are more 
than 6 and less than 10 times their probable error, have been desig- 
nated as of doubtful significance, and correlations of less than 6 times 
their probable error have not been considered significant. 

The following general statements of significant relationsliips were 
observed: 

(1) As the percentage of fat increases, the energy, and the percent- 
ages of total solids, protein, solids not fat, calcium, and magnesium 
increase. 

(2) As the energy value increases, the percentages of total solids, 
solids not fat, protein, calcium, magnesium, and phosphorus increase. 
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(3) As tlie perceiita.ge of protein increases, the percentages of total 
solids, solids not fat, calcium, and ash increase, and the percentage of 
potassium decreases. 

(4) As the percentage of total solids increases, the^ percentages of 
solids not fat, calcium, magnesium, and pliosphonis increase. 

(5) As the percentage of solids not fat increases, the percenta,ges of 
calcium, magnesium, phosphorus, and lactose increase. 

(6) As the percentage of lactose increases, the percentag*es of 
sodium and chlorine decrease. 

(7) As the percentage of ash increases, the percentage of calcium 
increases. 

(8) As the percentage of chlorine increases, the percentage of sodium 
increases. 

Among the correlations of doubtful significance it is of interest to 
note that as magnesium increases the percentages of ash, phosphorus, 
protein, calcium, and lactose increase. It has been noted above that 
magnesium is significantly correlated with solids not fat, total solids, 
energy, and fat. Thus, in 9 of the 12 comparisons, magnesium shows 
a significant, or probably significant, positive correlation. Simi- 
larly, calcium shows high positive correlaticms witli total solids, 
protein, energy, solids not fat, fat, and ash, with, possibly significant 
positive correlations with pliosphonis and magnesium. 

Among the negative correlations of special interest are those of 
potassium with protein and calcium; and of lactose, which, is a rehi- 
tively constant constituent, with sodium and chlorine, which are ex- 
tremely variable. The findings with reference to lactose, sodiurn, 
and chlorine are in harmony with the conclusion of Porcher {16) 
that milk with high lactose content is usually low in sodium chloride, 
and that mainly by variation in the sodium chloride in the milk it is 
maintained isotonic with the blood. 

Gowen and Tobey (7) state that the osmotic pressure of inilk is 
very largely determined by the lactose content, whereas the osmotic 
pressure of blood is relatively little determined by its sugar content 
but mostly by its salt content, referring to six major osmotically active 
elements, potassium, sodium, calcium, magnesiimi, pliosphonis, and 
chlorine. In the maintenance of the isotonicity of blood and milk, 
the milk of a lower lactose content would have to iruu-ease its <‘oni,cnt 
of salts in a rather pronounced degree to make up for ibis deficiency 
of lactose. Gowen and Tobey propose to compute the osmotic, jires- 
sure from the millimolar concentration of lactose and a,sh found in (.he 
milk. From the present data lactose does reveal a negalivc^. correhi- 
tion with ash, but among the individual elements only sodium and 
chlorine were found negatively correlated with lactose. 

Blackwood and Stilling (5) consider that by far the largest part of 
any osmotic change taking place during milk secretion is to be 
accounted for by the synthesis of protein and carbohydrate from glu- 
cose and amino acids. They consider that during milk secretion a 
transudate is separated from the blood, having the same osmotic 
pressure as blood, and that during synthesis water is returned to the 
blood to maintain the tonicity of the cell fluid. 

In the present; study protein shows no ^ significant correlations, 
positive or negative, with lactose and sodium chloride; and these 
correlations, as contrasted with the significantly negative eorrelation 
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of lactose and sodium cliloride, suggest a dissimilar relation of protein 
and lactose in tlie maintenance of the isotonicitj of the blood and 
milk. 

The narrow range of variation in the hydrogen-ion concentration of 
freshly drawn milk, between 6.50 and 6.65, is probably maintained 
chiefly through the phosphates and casein present. It was shown by 
Rice and Markley (17) that the hydrogen-ion concentration of milk 
of high acidity, as determined by titration, is aifected by the addition 
of acid or alkali to a much lesser extent than is the hydrogen-ion con- 
centration of milk with low acidity. Their explanation is that in 
high-acid milk the phosphate and casein are present in greater quanti- 
ties than in low-acid milk, and that the buffer action is greater in the 
former case than in the latter. The negative correlation of potassium 
and protein is in harmony with this conclusion, and since calcium is 
largely associated with protein the negative correlation of potassium 
and calcium seems to be a part of the same picture. However, there 
is no correlation, either positive or negative, between potassium and 
phosphorus. In fact, potassium shows no significant positive corre- 
lation with any of the constituents determined, though it may be 
correlated with undetermined constituents, for instance, with citric 
acid. 

Wright (18) has shown experimentally that CaHP 04 in solutions 
of calcium caseinate may be held in stable colloidal solutions up to 
tlie concentrations of calcium and phosphorus found in milk. He 
suggests that the calcium and phosphorus which diffuse from the 
blood into the mammary gland may thus be held in colloidal combina- 
tion by the casein in the milk cells. Alkali renders this combination 
unstable, with which fact the negative correlations of potassium with 
protein and calcium, as found in this study, seem to be in harmony. 
This calls attention to the slight degree of correlation found between 
potassium and phosphorus, and suggests that phosphorus is associated 
with other constituents than calcium and casein— which is borne out 
by the fact that the ratio of phosphorus to calcium in calcium case- 
inate is 0.8, and in CaHP 04 it is 0.775, whereas the ratio between 
the average percentages of phosphorus to calcium found in milk in 
the present study is 0.851. 

In consideration of the questionable significance of correlations as 
evidence however, no effort will be made to interpret these observations 
closely. Correlations can only suggest, and the facts as to origin 
and relationships of the constituents of milk must be established by 
evidence of more direct and less equivocal character. 

SUMMARY 

Statistical data based on the analyses of 134 samples of Holsteiii- 
Phiesian milk representing one entire lactation period for each of 12 
cows are reported. The analyses include fat, energy, protein, total 
solids, solids not fat, lactose, ash, calcium, pliospliorus, magnesium, 
chlorine, sodium, and potassium. The means, standard deviations, 
and coefficients of variation of each constituent with their corres- 
ponding probable errors, are reported, and the coefficients of correla- 
tion of each constituent with every other constituent are given. 
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INFLUENCE OF CALCIUM PHOSPHORUS INTAKE ON 
BOVINE BLOOD ‘ 

By J. E. Greaves, chemist and bacteriologist, E. J. Maynard, cinirnal husband- 
man, and Wendell Reeder, graduate assistant, Utah Agrwidtural Experiment 
Station 

INTRODUCTION 

Phosplioriis is present in every cell and fluid of the body. It is 
vitally concerned with carbohydrate, fat, and some phases of protein 
metabolism. It is essential in muscular contractions and in the 
functioning of the central nervous system. It enters into the buffer- 
ing powers of the blood and other tissues. Phosphorus, together with 
calcium, plays a fundamental role in bone formation. It is, then, not 
surprising to find profound physiological and anatomical disturbances 
occurring in animals on a phosphorus-deficient diet. In cattle such a 
deficiency may manifest itself by hypophosphoraemia, osteophagia, 
and osteoporosis, and by osteomalacia in the adult In the early 

stages the consumption of food is usually adversely affected {^6^ 
On phosphorus-deficient rations the milk yield is usually low {2) and 
there is a marked inhibition of oestrum (4). Usually before most of 
the symptoms appear, hypophosphoraemia manifests itself (3, £4). 

Aphosphorosis of cattle is known to occur in many regions (5, £S). 
It is probably even more widely spi'ead than is known at the present 
time, where the following conditions occur: The forage is produced on 
phosphorus-deficient soil and consequently is low in phosphorus; the 
cattle are kept on too restricted rations, the main constituents of 
which are deficient in phosphorus; the intake of calcium is excessive 
in relation to the intake of phosphorus; and the phosphorus require- 
ments are extremely high and hence not met by the ordinary rations, 
as in the case of the lactating cow. 

It has been suggested tha.t the estimation of inorganic blood phos- 
phorus gives an early diagnosis of aphosphorosis and helps to differen- 
tiate it from picas having a different origin (14j With sufficient 
information on the optimum inorganic phosphorus of the blood under 
varying conditions, it appears probable that blood analyses may be 
used to discover tliose animals which are on phosphorus-deficient 
diets, and hence the proper phosphorus supplement may be prescribed. 
In this manner, at least in a degree, it may be possible to prevent the 
modern dairy cow from passing through a mild form of osteoporosis 
at each lactation. Tliis is an extreme instance and at times may not 
be due to a deficient ration but rather to an overdeveloped udder 
outrunning the absorptive capacity of the gut for phosphorus (6'). 
However, Huffman and his coworkers (I ;^) found that even high- 
yielding cows (2,000 gallons) can be maintained in mineral equilibrium 
"(positive calcium balance) upon ordinary mineral-rich rations. 
Nevertheless, the margin is often exiguous, and little may be required 
to change a positive balance to a negative one. 
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EXPERIMENTAL ANIMALS AND PROCEDURE 

Data reported in this paper represent blood analyses obtained from 
40 grade yearling beef steers, averaging 585 pounds in weight and of 
similar breeding and previous treatment. They were carefidly sorted 
into five groups as nearly alike as possible as to weight, ciuality, and 
conditiom They were fed for a period of 150 days on the following 
rations: 

Lot 1, pressed l3eet pulp, beet molasses, alfalfa liay, and salt. 

Lot 2, pressed beet pulp, beet molasses, alfalfa hay, and cottonseed cake. 

Lot 3, pressed beet pulp, beet molasses, alfalfa hay, and steamed bone meal. 

Lot 4, pressed beet pulp, beet molasses, alfalfa hay, and mill-rnn bran. 

Lot 5, pressed beet pulp, beet molasses, alfalfa haj’’, and ground barle.y. 

The average daily ration consumed by each lot, tlie daily calcium 
and phosphorus intakes, and the calcium-pliosph orris ratio in the 
rations are shown in table 1, 

Lot 1, receiving beet pulp, molasses, alfalfa, and salt, obtained less 
than 50 percent of the pliosplioriis received .by those on the ration 
siipplem exited with cottonseed cake. The phospliorus intake of lot 5, 
where barley was given, was also low; that of the remainiog lots was 
high. There were also considerably greater quantities of calciurn in 
the rations of the animals receiving ]ihosphoriis supplements. This is 
especially noticeable in the lot receiving cottonseed cake. The cal- 
cium oxide intake in the ration of lot 1 equaled 0.74 percent ; of lot 2, 
0.69 percent; of lot 3, 0.48 percent; of lot 4, 0.52 percent; and of lot 5, 
0.73 percent. All these animals received rations containing more 
than 0.45 percent of calcium oxide placed as the minimum by the 
Wisconsin workers {10) for dry daily cows. Phosphorus was low in 
the rations of lots 1 and 5 when compai^ed with the quantities recoin- 
mendecl by Kellner (J.S) and Armsby (1). 

The animals receiving no phosphorus supplements were getting 
considerably less than the 30 g of phosphorus pentoxide per day, whicdi 
Theiler, Green, and Du Toit {27) laid down as the inininuiin for heifers. 
Where barley was the supplement, the animals were receiving 
30 g; all others were receiving considerably more than the minimuiti 
requirements. 

Theiler, preen, and Du Toit (26) conclude (hat inasmuch as mini- 
mum requirements of growth are higher in tla^- (‘ase of phosphorus 
than in the case of calciiun, a ratio of calciiim o.\id(^- i-o ])liosphorus 
pentoxide as high as 3 to 1 is not necessarily disad va,nt.Jig(H.)us. Lois 
2 and 3 were receiving rations in which the r^rtio of calcium oxide to 
phosphorus pentoxide was 3 to 1. Lot 1 received calcium oxide to 
phosphorus pentoxide in a ratio of 4.6 to 1 and lot 5 in the ratio of 4.1 
to 1. It is evident, therefore, that in lots 1 and 5 phos[)lH)rus could 
have been profitably added. One is prone to ask: Could greater 
quantities of phosphorus have been added advantageously to the 
rations of lots 2, 3, and 4:? ^ Theiler, Green, and Du Toit {26) state 
that when calcium is lo w it is probable that a relatively high propor- 
tion of phosphorus may facilitate the absorption of calcium and thus 
reduce the risk of calcium starvation. When pliosphorus is low, a 
relatively high calcium intake may reduce the absorption of phos- 
phorus and in this way increase the danger of aphosphorosis. 



'Average daily ration consumed, average daily intake of calcium and phosphorus, and the calcium-phosphorus ratio in the rations 
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Samples of blood were collected in the morning befoiv Idee ling to 
obviate the action of recently ingested carbohydrates on blood 
inorganic phosphorus. It was found in preliminary tests in 1932, 
when this precaution was not taken, that the blood inorganic phos- 
phorus often fell to an extremely low level, probably due to tlie large 
quantities of soluble carbohydrates consumed. 

The blood was collected' from the iugular vein in two 4-ounce 
bottles. The sample for phosphorus determination was quickly 
mixed with sodium oxalate, immediately taken to the la, bora, to ry, and 
the plasma centrifuged out. The phosphorus was determined in the 
plasma by the Youngberg method {11)] the calcium in the serum of 
the second sample by the Clark-Collip modification of the Krammer- 
Tisdal method {11).' Kesults are reported as milligrams of phosphorus 
in 100 cc of blood plasma and milligrams calcimn in lOO ec of blood 
serum (table 2). Samples were taken at the beginning of the experi- 
ment and during each succeeding month. This work represents 
analyses of individual samples and not the composite of three samples 
taken on successive days as reported by some workers. In this work, 
however, samples were taken from each of eight animals receiving the 
same treatment. This should eliminate, to a degree, individua,! and 
daily fluctuations in the calcium and phosphorus content of the blood. 

EXPERIMENTAL DATA 

The average calcium content of the blood of the various lots on 
January 21, 1933, varied from 12.25 mg per 100 cc of blood seruni to 
13.16 mg. With few exceptions, there is only a small variation within 
the different groups (table 2). 

TabIjE 2 . — ‘Milligrams of calcium per 100 ccof blood senmi and of inorganic phos- 
phorus per 100 cc of blood plasma in blood of steers fed different supplimmUs to (he 
ration, Jan. 21 and Feb. 28, 1933 


DATA OF JAN. 21, 1933 


Steer no. 

Lot 1, no 
supple- 
raenti 

Lot 2, eotton.se.e(l 
cake 

Lot 3, steamed 
bone meal 

Lot 4, niill-rtjn 
tiran 

Lot 5, ground 
bHrl(\v 

' Ca 

-P 

Steer 

no. 

Oa 

P 

Steer 

no. 

Ca 

]‘ 

Steer 

no. 

Ca 

V 

St(H‘r 

no. 

Cil 

V 

3 

13. .‘SO 

2. 87 

1 

12. 00 

2. 30 

2-.,--.-...- 

12. 00 

1. 89 

7 

1.3.50 

2. 50 

5 

13.25 

2, 52 

12 

12. 00 

2.71 

0 

13. 00 

2. 18 

4.,...-- 

11.25 

2. 68 

13 . 

12. 00 

3, 10 

8 . 

1 1. 75 

.3. 70 

22 .... ... 

14. OO 

3. 07 

10 - - 

11. 75 

2.47 

16--- . . 

13.50 

3. 65 

21 

12.50 

2. 72 

23 

12.00 

2. .78 


13.7.5 

2. 26 

1.5- - 

13. 75 

2. 15 

18,..-- 

13. 50 

3. 40 

24. 

1 1.00 

1.74 

28 

13.25 

2.91 

4U 

13. 7.5 

2. 54 

26- 

14. 00 

1,67 

32 

11. 00 

3. 51 

26.,. 

11.25 

2. 9.3 

31 

12.50 

3. 40 



12.00 

2. 59 

30 

13.00 

3. 10 

33--,. 

11.25 

2. 75 

34 . 

II.7.'-, 

2. 3H 

36 

10.50 

2. 90 

46 

11.. 50 

1, 2. 79 

42 

13. 75 

2. 21 

14,,— .! 

12. 00 

2.47 

35,., 

1 11.00 

1.69 

44 

13. 01) 

3. 21 


13.75 

i 2. 24' 

43 

13.75 

3. 23 

48— ..,1 

16,00 

2. 72 

45.... 

13.75 

3. 73 

50. 

11.75 

2. 19 

Average-.-! 

13.04 

2.63 


1 13.13 

2. 41 


12.56 

2. 88 


12.84 

2.61 


12. 25' 

3. 01 


BATA OF FEB, 28, 1933 


, 

3, 

12 

13.3 

13.0 

3. 13 
3. 25 

L- — . 
25, _ 

13.5 
14.3 
13. 8 

4.49 
4.07 
3. 54 

14— 
48. — . 
2 ....... 

13. 3 
13.5 
12.8 

4. 74 
6. 26 
6. 29 

21 

45 

14,0 
14. 0 
14.8 

6.67 

50 

15, 8 
14.0 
15. 3 

3. 38 

22— 

13.0 

4.13 

6 --,-.-- 

34 

4. 52 


3. 02 
3. 37 

29..,, 

15.0 

3. 13 

43--..,- 

13. 5 

4. 55 

16— 

12.8 

5. 71 

13-.-, 

14.0 

7. 04 

23 

14.5 

40 

13. .5 

3.73 

15-,.., 

14. 0 

4. 07 

18.—.. 

14.5 

4. 17 

24 . 

14.5 

4. 39 

8 

14. 8 

4. 42 
3.31 

41 

12.8 

3.70 

42 

14.3 

5.38 

33.-... 

14.3 

5.38 

26. -. 

11.3' 

5. 95 
3. 57 

36 

15. 3 

46—, — 

14. f) 

3.91 

10. — . 

13. 0 

4.39 

32 

13. 0 

6. 68 

35. . 

14. 5 

28 

31 

14. 0 

15. 3 

3. 16 

49-,, 

13.0 

3. 85 

30-,- 

14. 0 

4.52 

4...... 

13. 5 

6. 65 

7-, ... 

14. 0 

6. 62 

•1.35 

Average,- 

13. 4 

■ 3. 60 


13.8 

4.38 


13. 6 

5.60 


13. 9 

5. 41 


! 1. 9 

3. 67 



June 1, 1934 Influence of Calcimn Phosphorus Intake on Bovine Blood 1037 


These animals had grazed on the range plants which were grown on 
the highly calcareous soils of Idaho and consequently were high in cai- 
ciiini. This may account for the high calcium and comparatiYely low 
phosphorus content of the animaPs blood. 

The inorganic phosphorus of the blood varied from 2.41 to 3.01 mg 
per 100 cc of blood plasma. These results are low when compared 
with those obtained by Ecldes and his coworkers (d) on animals 
receiving suiiicient phosphorus and point strongly to the conclusions 
that all these animals, ^ although on a ration high in alfalfa hay grown 
on phosphoriiS'rich soils, would have benefited if given a phosphorus 
supplement. 

The phosphorus-calcium ratio in the blood varied from 1 to 4 in 
barley-fed steers and from 1 to 5.5 in animals receiving cottonseed 
cake. 

On February 28, 1933, the blood was again analyzed (table 2). A 
slight increase in the blood calcium had occurred. Even where the 
animals received the calcium supplements there was an increase of 
only 1 mg per 100 cc of blood serum, which is in keeping with the 
findings of Theiler, Green, and Du Toit {26). The phosphorus, how- 
ever, had maiivedly increased. The animals receiving bone meal and 
mill-run bran yielded blood phosphorus well above 5 mg per 100 cc of 
blood plasma. In those animals receiving no phosphorus supplement 
and those receiving ground barley, the blood phosphorus was lower, 
being 3.60 and 3.67 mg per 100 cc of blood plasma, respectively. The 
phosphorus-calcium ratio, while still varying widely in the blood of 
different lots, was much narrower. 

Blood samples were also taken on April^ 1, April 27, and June 1, 
1933. These showed the same regularity in each group, as did the 
analyses made on January 21 and February 28. Hence, only the 
averages of these determinations are given (table 3). Each reported 
result represents the averages of the analyses made on eight different 
animals receiving the same ration which should rule out individual 
differences that occur when averages are made from individual 
animals. 

Table 3. — Average milligrams of calcium in 100 cc of blood serum and of inorganic 
phosphorus per 100 cc of blood plasma in the blood of steers fed different supple-- 
merits to the ration on given dates 

[A verages represent 8 determinations made on ditterent animals receiving the same rations] 

CALCIUM 


Date of sampling 

Lot 1, no ! 
supple- 1 
ment 

Lot 2, cot- 1 
tonseed 
cake 

Lot 3, 
steamed 
bone meal 

Lot 4, 
mill-run 
bran 

Lot 5, 
ground, 
barley 

Jan. 21 . _ 

'.1933 

_ „ , .. ,, _,i 

13. 16 

13.13 

12. 58 

12.84 

12.25 

Feb. 28, 

13. 40 

13. 18 

13. 50 

13.90 

14.90 

Apr.'l- . .1 

15. 22 j 

12.03 1 

12.31 

12.63 

12.56 

Apr. 27, - 

13. 41 

12.19 1 

12. 19 

11.88 

12.59 

June 1 

14. 10 j 

13.00 

13. 00 

12. 20 

12.80 





INORGANIC PHOSPHORUS 


■■ ''1933'' " 

J an . 2 1 - 

2.63 

2,41 

. '2.88. 

' ' 4 ''.-' 'i 

'' 2.61^' 

3. 01 

■Feb., 28„,, 

3. 60 

4.38 

6.60 

5.41- 

3.67 

Apr. 1 — — 

2. 67 

4. 12 

■ 6.22' 

4. 62M 

3. 58 

Apr, 27... ,1 

2.60 

4. 28 

.4.71: 

,4.62 

3. 35 

June 1 — ,, 

3,11 

4.46 

" 4.'35 

4. 98 

3. 73 
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When placed on the experimental ration, these cattle were taken 
from feeds high in calcium. Moreover, all ^ experimental rations 
carried calcium well above the minimum requirenients for such^ aJii™ 
mals; consequently, their blood calcium^ showed no appreciable 
variation that could be ascribed to these rations. The greatest varia,- 
tion is shown in the lot receiving no phosphorus suppleineiit. ^ Due 
to the drop in phosphorus, nature: may have attempted to maintain 
an approximate uniform calcium times phosphorus concentration. 
Palmer and Ecldes {20) produced hypercalcemia and hypophosphor- 
aeniia in cow^s by feeding diets low in phosphorus. Had the animals 
used in the experiments here reported been younger, ^ it is highly 
probable that greater variations would have occurred in the serum 
calcium, for it is not easy to raise the concentration of serum calcium 
far above normal by feeding calcium salts or high calcium-containing 
feed; it is even more difficult to lower the serum calcium of normal 
full-grown animals by altering the intake of calcium {23 y v, Jf, p, 
814 ). 

The inorganic phosphorus of the blood plasma on January 21, 
when the cattle were placed on the various rations, was low. Tliere 
w^as an increase on February 28, greatest in the case of steers receiv- 
ing bone meal and least where no phosphorus supplement was given. 
The concentrations remained quite uniform throughout the remainder 
of the experiment. Only occasionally did the inorganic phosphorus 
content reach 5-mg concentration, making it highly probable that 
all of these animals would have benefitted by an increase in the 
phosphorus supplement due to the high calcium intake. 

DISCUSSION 

It has been stated (:^S) that calcium and phosphorus in the cir- 
culating plasma, other factors remaining constant, bear a reciprocal 
relationship to one another. Harnes {8, 9) tested this biometrically 
on the blood of rabbits and found a small negative correlation, between 
the calcium and inorganic phosphorus. Palmer and his co workers (21) 
found no correlation between calcium and inorganic phosphorus and 
consider Harnes^ coefficient so small in relation to the probable error 
as to be mathematically insignificant. Galculations have l)een made 
of the correlation coefficients between calcium and phospborMis in the 
199 analyses, as reported herein. The formulas given by Peaii (22) 

were used: rn == and 0.67449 

fVo-io-a . ^ N 

The values for ria on the following dates are : 

Jan. 21, “0.1660±0.1037 (yi=40) 

Feb. 28, ~0.3333±0.0947 (?^=40) 

Apr. 1, -0.5116±0.0784 (a=40) 

Apr. 27, -”0.5888±0.0696 (ri=40) 

0.2264 ±0.0452 (71=199) 

Hence, there is a small negative correlation between the inorganic 
phosphoriis a^ calcium in the blood of steers fed on the rations con- 
sidered in this work. It becomes greater as the experiment progresses ; 
however, more work is nenessary befo^^^^ it can be said to have a bio- 
logical significance. 
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There is a close relationship between the phosphorus intake of these 
animals and the inorganic phosphorus of the blood plasma, which 
bears out the findings of others { 11 , 19 ), Analyses of blood for its 
inorganic phosphorus content can be used as a measure to determine 
the phosphorus needs of animals. This, however, requires further 
work to standardize the factor for optimum concentration under vary- 
ing conditions. The age of the animal is known to influence the in- 
organic phosphorus of the blood (7), and the conclusion is quite well- 
founded that gestation is without effect { 16 , 18 ), However, the effect 
of sex and pregnancy upon the nomial inorganic phosphorus of the 
blood is not so well known. 

At the end of the 150-day period, the ration of the cattle receiving 
pressed beet pulp, beet molasses, alfalfa hay, and salt (lot 1) was sup- 
plemented with 0.1 pound of steamed bone meal daily. After being 
on this ration for 30 days, blood samples were taken and analyzed for 
calcium and inorganic phosphorus. These results are given in table 4. 


Table 4. — Milligrams of calcium in 100 cc of hlood serum and of inorganic phos- 
phorus in 100 cc of hlood plasma in the blood of steers, July 1, 19SS, 


steer no. 

Calcium 

Phos- 

phorus 

Steer no. Calcium 

Phos- 

phorus 

Steer no. 

Calcium 

Phos- 

phorus 

40 

13. 3 

3.4 

3 14.5 

2.4 

.50 

13.0 

2.4 

fj 

12. 5 

3,9 

49 13.3 

2. 0 

22 12. .5 

3.5 

34 

12. 5 

3.3 

46 12.0 

3.9 

5 

13.0 

3.3 

12 

13.0 

3.4 


I 





The calcium of the blood remained quite constant. The inorganic 
phosphorus of the blood increased; at the close of the experim.ent, 
however, it was still far below that of the animals which had received 
steamed bone meal from the beginning of the experiment. Un- 
doubtedly, due to the deficient ration, other tissues of the body, in 
addition to the blood, had been depleted of their phosphorus; conse- 
quently, time apparently is required to bring the tissues back to 
normal. 

SUMMARY 

Forty head of grade beef steers, averaging 585 pounds in weight 
and of similar breeding and previous treatment, were sorted into 5 
groups as nearly alike as possible as to weight, quality, and condition 
and were fed for 150 days on rations of pressed beet pulp, beet mo- 
lasses, alfalfa hay, and salt, to wdiich was added for four of the groups 
a supplement of cottonseed cake, steamed bone meal, mill-run bran, 
and ground barley, respectively. 

Blood samples were taken monthly and analyzed for calcium and 
phosphorus. Before going on these rations the averages per 100 cc of 
blood serum and plasma were: Calcium from 12.25 to 13.13 mg and 
inorganic phosphorus from 2.41 to 3.01 mg. Phosphorus supplements 
fed in the forxn of cottonseed cake, steamed bone meal, and mill- 
run bran increased the blood inorganic phosphorus to near that re- 
ported as optimum by some workers or 5 mg per 1 00 cc of blood serum . 
It was lowest in the lot receiving ground barley and highest where 
steamed bone meal was fed. The various phosphorus supplements 
produced little, if any, effect upon the blood calcium. A low negative 
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correlation was found between the inorganic phosirlionis and calcium 
of the blood. There was a close correlation between lh(' j)hosi)boi'us 
intake and the inorganic phosphorus of the blood. 'Plu' (|uestioii is 
raised: Is it possible that many cattle (even in Utah wluu-e tlu‘ soil in 
most cases is rich in phosphorus) may lack pliospliorus in tbeir ration? 
It appears feasible that this could be determined by blood analys('s. 
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SURVIVAL OF BLISTER-RUST MYCELIUM IN WESTERN 

WHITE PINE 1 


By H._ G. LAcnmut), pathologist, and J. R. Hansbbough, assistant pathologist, 

Division of Forest Pathology, Bureau of Plant Industry, United States Department 

of Agriculture ^ 

INTRODUCTION 

Studies on tlie growth and behavior of cankers of white pine 
blister rust (C7miartium ribicola Fischer) on western white pine {Pinus 
‘inonticola Doiigl.) have been reported by the senior writer in a 
previous paper.^ That paper contains data on the manner in which 
canker growth rates are influenced by the size and vigor of the infected 
stem, by regional site conditions, and by girdling and subsequent 
^^flag formation” — a term descriptive of the conspicuous red-bro-wn 
color of the foliage of the affected part after death. In that paper 
(p. 594) reference was made to a study of the survival of the mycelium 
in trunk cankers; the results of that study are presented henein. 

PROCEDURE 

During 1922 and 1923 the senior writer observed that blister- 
rust cankers on branches of western white pine in British Columbia 
continued to grow toward the bole of the tree after the outer portion 
of the branches had died and turned into flags”, and in some cases 
after squirrels had girdled or severed the branch at the center of 
the canker.'^ In order to verify the results of these observations and 
to determine the extent to which the rust could continue to live and 
grow after all source of food supply had been cut off beyond the point 
of infection, a number of cankered branches were so cut that part of the 
infected bark remained on the stub and these stubs were examined 
at fixed intervals. On April 25, 1924, 34 infected branches were se- 
lected on thrifty western white pines at Chee Kye,^ British Columbia, 
their diameters at the base of the canker were measured, and they 
were then lopped off just above the lower limits of the typical orange 
discoloration which closely follows the progress of the mycelium 
in the bark of western wliite pine. Throughout the remainder of 
this paper all cankers shortened in this manner are referred to either 
as ^^cut” cankers or as ^'truncated” cankers. On October 25, or 6 
months from the time of cutting, all the cankers were in good con- 
dition and had continued to extend toward the bole. The downward 
growth of the mycelium, as indicated by the downwai'd extension of 
the discoloration of the infected bark, was carefully measured for 
each canker. 

1 Receive4 for publication Dec. 27, 1933; issued July 1034. 

2 The writers acknowledge indebtedness to C. N. Partington, J. L. Mielke, and T. S. Buchanan for assist- 
ance in carrying on the field studies upon which this article is based. 

3LACHMUND, H. G. GROWTH AND INJURIOUS EFFECTS OP CRONARTIUM RIBICOLA CANKERS ON PINUS 
MONTICOLA. Jour. Agr. Research 48: 475-503. illus. 1934. 

< For several years numerous investigators have observed that squirrels and other rodents frequently eat 
the infected bark of white pine blister-rust cankers. Occasionally they completely sever the branch at the 
point of infection. . , 

s Ghee Kye is a stop on the Pacific Great Eastern Railway, approximately 40 miles, air line, north of Van- 
couver, British Columbia. 
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In April 1925 a. series of 50 iincankered thrifty branches on the 
same area were cut in the same way that the cankers were cut the 
preceding year. These checks were established to deterinine Iiow 
long iiiiinfected branches would remain alive after cutting. In truly, 
42 were dead and the remaining 8 died witiiin 2 months. During 
this time most of the stubs of^^the cnnkered branches cut in 1924 
remained alive and the mycelium continued its growtli fr(:)m tlieir 
cut ends toward the boles. This proved beyond a, doubt that it 
was the presence of the mycelium in the cut cankered stubs wl\ich Ivad 
kept them alive. 

In the latter part of September 1925 a forest fire swept over the 
area and terminated the entire study before tlie 34 cut cankers wuyre 
remeasured. Therefore growth measurements were seciun-d for a 
6-month period only — from April 25 to October 25, 1924. A com- 
parison of the growth rate of these cut cankers with tliat of norinal 
uncut cankers in the same area indicated that the down ward growth, 
rate of the cut cankers was somewhat less in each diameter class than 
it was for the corresponding uncut cankers. The data were too few 
to be conclusive; therefore plans were made for a. more complete 
study. 

A Western white pine infection area near Owl Creelv/’ Britisli 
Columbia, was chosen for the second experiment. Pine infection 
first occurred there in 1917, increased considerably in 1921, and 
became common in 1923 and 1924. In 1927 at the beginning of the 
test the white pines were young and still thrifty. They were approxi- 
mately 12 to 25 years old and from 9 to 22 feet tall. 

On "May 6, 1927, 100 cankers on thrifty branches of 32 trees wuyre 
carefully selected. All these cankers were of 1923 or 1924 origin and 
were therefore relatively young, most of them having produced aecia 
only once or twice. In general, they were one internode distant from 
the bole; a few, however, were almost two inteinodes distant. The 
distance from the bole to the lower limits of the cankers ranged from 
2 to 17.3 inches, being more than 8 inches in only a small niimber of 
cases. The diameter of the branches at the lower limits of tlie cankers 
ranged from 0.2 to 0.9 inch. For each. O.l-inch class between these 
limits the number of branches was approximately the same. 

Each branch was severed by a cut perpendicular to its long axisuvt 
a point about one half of an inch above the lower limit of the dis- 
coloration. On the same trees, 100 uninfected br'aru'hes were cut in 
identical fashion to serve as checks. The chock foi' ea,(‘h (uit (‘.aiikcu' 
was on a branch of the same size and corresponding location in the 
tree. 

In no case were any living needles or small side branclies left between 
the cut surface and the bole; therefore it was impossible for any of 
the cankered stubs or checks to obtain food except from the main 
stem, or hole. , ' , 

These truncated cankers and checks were examined in the fall of 
1927 and in the spring and fall of each successive year until the spring 
of 1932. The condition of each was noted — whether living or dead— 
and, in the case of the living cauhers, the downward growth from the 
lower limit at the tune of cutting or at the time of the preceding 
examination w as accurately measured. Of the original 100 cankers, 

Owl Creek is a stop on the Pacific Great Eastern Railway, approximately 35 miles iiorfch of Ghee Eye. 
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22 were discarded before the completion of the study because of the 
death of the trees on which they were located. 

On May 1, 1928, a similar experiment was begun on the same area 
but on different trees. Fifty cankered branches and fifty uninfected 
checks were cut in exactly the same way as were those in the pre- 
ceding year. In order to determine the immediate effect of cutting, 
this series was examined monthly until fall; after that the data were 
taken as for the 1927 series. Here again the basis for comparisons 
was reduced, through the death of some of the trees. Data were taken 
on 44 cut cankers and checks in 1929 and on 32 cankers and checks 
in 1930. At the end of 1930 work on this series was terminated. 

SURVIVAL OF TRUNCATED CANKERS 

The data summarizing the condition of the cankered stubs at half- 
yearly and yearly intervals are shown in table 1. The condition of the 
cankered stubs is assumed to be the same as that of the canker 
itself— i.e., living or dead — for Cronwtimm ribicola is an obligate, 
parasite and can live only so long as its host remains alive. When, a 
canker had grown down the stub and entered the bole, the stub died 
in a short time. Inasmucli as the purpose of this study was to deter- 
mine the effect of cutting on canker survival and growth, those can- 
kers that died or entered the bole were not examined at subsequent 
dates. Because of the uniformity of the data after the 2-year period, 
the half-yearly intervals are not shown. 


Table 1.* — Survival of truncated cankers and checks^ Owl Creek, British Columhia 


Cankers or checks (number) 

Time after 
cutting 

Cankers 

Checks 

dead 

Living but 
not yet 
reaching 
bole 

Dead before 
reaching 
bole 

Entered 

bole 

122 

YeatB 

Vi 

1 

IH 

2 

3 

4. 

5 

Percent 
95.9 
91.0 
fld. 4 
44, 0 ’ 
21,8 i 
5. 1 : 
3.8 

Percent 
0.0 
1,5 
8. 2 
,18. 2 
21.8 
29.5 
30. 8 

Percent 
4.1 
7.4 
25.4 
37. 3 

Percent 

95. 9 
99.2 
lOO. 0 

1 22 

1 2':> 

110" „ 

7K C 

55. 4 
55. 4 


78 ...... 


78 , . .......... .... . ... „ .... 

65. 4 





'Trm cniit aniin^' 12 cankers died during winter. 
Kxiiininat.ion of .series discontinued. 


Exaniination of the data for the 122 checks sliows that 95,9 percent, 
or 117, were completely dead half a year after they were cut. Only 1 
of the remaining 5 checks survived for 1 year, and it died shortly 
thereafter.^, ^ 

Comparison of the survival data for the truncated cankers with 
those for the checks clearly shows that the former remained alive for 
a very much longer time than the latter. This comparison is further 
strengthened by the results of the monthly examination of the checks 
in the 1928 series. Five percent of them were dead 3 months after 
cutting and 90 percentin 4 months, showing that the great majority 
of deaths occurred during the first 6 months. 
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111 a previous reference to the present study the sta,.tement was 
made ^ that the survival of the cankered stubs 8 iig:gested that '‘'the 
presence of the infection at the end of the stub Inad the effect of 
stiimilating a reversal of flow of the elaborated food materials^' The 
data presented herein are believed to jiistify fully this hypothesis. 
The fact that with one exception the uninfect.ed {‘be(‘ks died within 
a year after cutting whereas the cankered stu1)s r(unain(ul alive in 
sohie cases for at least 5 years shows that the of blister-rust 

infection tended to keep the stubs alive initil the cank(u*s could grow 
into the bole. 

The action of the rust upon the stream of assimilates in the cut 
cankered stubs would be an interesting subject for physiological 
study. No other phenomena even remotely analogous to the survival 
of the cankered stubs are known to the writers. ^ Certain features of 
reseniblance are suggested by the well-known action of false-inistletoe 
infection, which has" the effect on several hosts of prolouging the life 
of certain branches; notably in the case of the lower branches of 
Piniis ponderosa Dongl. and P. contorta Dougl. But in these cases 
the prolongation is attributable to a stimnhition of tlie giiiw th of the 
foliage beyond the point of infection wdiereby the infected portions are 
provided with an increased supply of elaborated food from the 
normal direction. 

DOWNWARD GROWTH OF TRUNCATED CANKERS 

As previously stated, the downward growth of all living cut cankers 
was carefully measured at the time of each examination. These 
measurements, too nimierous for detailed publication, indicate three 
things: (1) The downward growth rate of the mycelium in the can- 
kered stubs was constant as long as tbe stubs remained alive; (2) this 
rate was very slightly less than the downward growth rate of normal 
imcut and imflagged cankers; and (3) it was almost identical with the 
downward growth rate of flagged cankers, which is likewise slightly 
less than the normal growth rate. This rednced rate of growth can 
obtain, however, only while the fungus is in the stub or in those 
portions of the stem below the flag which are in low vigor because of 
the flagging. As soon as the infection reaches the bo[(^* or the region 
of the healthy living side branches l)elow the eankoir, its rate of 
growth immediately becomes normal. 

While similar in rate of downward growth, the cut and (he flagg(Hl 
cankers are not exactly comparable as regards the length of time they 
may remain alive on internodes unsupported by living foliage beyond 
the canker. The death of the portion of the liranch or stem beyond 
the canker in flagging reacts differently and evidently saps the vitality 
of the lower uninfected portion much more than when the branch or 
stem beyond the canker is cut off. For example, when a canker is 
situated so far down on a branch that most of the foliage is beyond 
the point of infection, the entire branch is generally killecl at the time 
of flag formation. It has been noted, further, that flagged cankers 
almost invariably die out if the length of unsupported Tnternodo is 
so long that the canker cannot grow over it within 2 years. On the 
other hand, the present data show that the majority of the cut cankers 


7 Lachmund, H. G. See footnote 3. 
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remain alive for at least 2 years and that many of them survive for 
3 years or more. From, these observations it appears that cutting 
causes less of a drain on the lower stem than does flagging. Con- 
sequently the longevity and survival data for the cut cankers cannot 
be used as criteria for the survival of cankers after flagging, 

SUMMARY 

The mycelium of white pine blister rust continues to live and grow 
in infected western white pine bark after flagging, i.e., the death of the 
portion of the branch beyond the canker, has taken place or after 
squirrels have girdled or severed the branch at the center of the 
canker. In order to obtain definite information on this phenomenon 
the writers m the spring of 1927 and 1928 shortened 150 cankers^ 
leaving stubs with about one half of an inch of living canker at their 
tips. Checks were cut in exactly the same way on uninfected branches 
m the same relative position in the trees. 

The checks were practically all dead within 1 year from the date 
of cutting, whereas the cankered stubs remained alive for periods 
ranging up to 5 years, or until the mycelium entered the bole of the 
tree. The mycelium apparently stimulated a reversal of the flow of 
assimilates in the infected stubs. 

Measurements of the downward growth of the cankers in the stub 
indicate that it proceeds at a constant rate slightly less than that of 
normal cankers but almost identical with that of flagged cankers. 
Flagged cankers survive for a shorter time than cut cankers. 


U. S, government printing OFFICE! 1934 
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In Fa progenies of hybrids 43 and 44 (MarktonX logold) there were 
a large number of resistant progenies in each F2 smut group, but no 
progeny was classified as susceptible. 

Hybrids 48 and 49 (Gornellian X Markton) involve a cross between 
a resistant variety and one that is rather stisceptible, the siiiiit in the 
Gornellian jjlantsb’anging from 27.2 to 72 percent in the different tests. 
As shown in table 2, a predominance of resistant progenies was 
obtained in the F3. Furthermore, only four progenies were classified 
as susceptible, and the highest percentage of infection obtained in any 
of these was less than 70. The data for the Fa and the F? generations 
do not indicate any simple dominance and segregation. 

Hybrids 41 and 42 (Richland X Markton) involve a cross between a 
resistant variety and one that shows a very low percentage of infec- 
tion. In the F2 generation 67 plants were inoculated and only 1 was 
infected. Ordy 1 F3 progeny was classified as susceptible, 70.5 percent 
of the individuals being infected. Most of the progenies were entirely 
resistant. 

The Richland and Fulghiim parents of hybrids 39 and 40 were 
slightly susceptible to Ustilago aycnac-Missouri, both showing less 
than 5 percent of infection. In contrast to the two parental varieties, 
a comparatively large number of the F2 hybrids were infected. In 
each of the thrCe groups of F3 progenies there were 2 or 3 times as 
many segregating progenies' as there were resistant ones. Susceptible 
prop:enies also were found in each group, most of the groups containing 
a high proportion of infected individuals. 

The number of infected F3 progenies in each of the six crosses inocu- 
lated with Ustilago at^ena^-Missouri is shown in figure 1 . 

Eb ACTION TO Ustilago levis-Missouri 

As has already been shown, the F2 generations of the six crosses were 
inoculated and tested with Ustilago fem-Missouri, and F3 progenies 
of five of the six crosses were tested with the same race of smut. Table 
2 shows that no experiments with U, fem-Missouri were conducted 
with F3 progenies of hybrids 39 and 40 (Richland xFulghum). 

Many F3 progenies in the [fsffk^o Tc/^u'^'-Missoiiri series contained 
smutted individuals, although both parental varieties of the crosses 
were resistant (table 2). Hybrids 37 and 38 (Monarch Selection X 
Black Mesdag) included 128 resistant F3 progenies, 75 segregating, 
and 1 that was classed as susceptible. This susceptible progeny con- 
tained 22 plants, of which 13 (59 percent) were smutted, ^ftie 75 
segregating progenies contained 1,492 plants, of which 205 were 
smutted. Hybrids 46 and 47 (Markton X Black Mesdag) included 128 
resistant progenies, 25 segregating, and none that was susceptible^ the 
25 segregating progenies included 493 plants, of which 50 were infected. 
Hybrids 48 and 49 (Gornellian X Markton) included 96 resistant prog- 
enies, 24 segregating, and none that was susceptible; the 24 segre- 
gating progenies included 479 plants, of which 43 were infected. In 
nearly all these segregating progenies the number of infected plants 
was small—usually but 1 or 2 being observed. 

The number of infected F3 progenies in each of five crosses inoc^n- 
Usii^^ in figure 2, 
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Reaction to Ustilago avenae-Fueghitm 

Studies were made with the Fulghirni race of TMUago onenae only 
on tlie F 3 plants of hybrids 39 and 40 (Rielvland X hiilo-luiin). In tlie 
various experiments' Fulgluim. sliowed 78,7 percent of inf^Hdion with 

this race of smut, W'^lurreas 
Richland wn,s .luuniy free 
from infection. No resist- 
ant Fa progeny was obtained 
in tJie first grou p (descended 
from. F 2 plants tested, with 
Ustilago a/venae - Missouri ) . 
Very few susceptible Fa 
progenies were obtained in 
any of the grou])s; several 
might liavc been expected 
in the first and third groups, 
unless tnere was some cor- 
respondence in tne inherit- 
ance of resistance to all 
three races of smut. Com- 
paratiyeiy high suscepti- 
bility in tiie F 2 generation 
to all three races of smut 
was associated with coni- 
pa.ra.tively few F 3 progenies 
susceptibie to U. atmim- 
Fulghurn. 

DISCUSSION 




Tlie results obtained from 
inoculating F 3 ])lants of iiy- 
Inids 37 and 38 (Moiuircb 
Selecti.on X Bla,ck M'csdag) 
witli UstUago amnae-Alk- 
souri sliow a, sim|)lo domin- 
a,nce f<,:),r resist'an(,*e to tlu,s 
smut, Thc^se results a're, in 
accord wif:'li tliose re].,)orted. 
by Reed (8^ 10 j 12^1 3) . in 
his studies 0:11 . smut, resist- 
ance in, hylirids.of .Hull-less, 
X Bla,ck, IS'l esd ag, Ea,rl.y 
Go.thland X Victor, ' and . 
.Early (Sothiand ,X Mnn- 
arch. In ^ these crosses, one 
parent; was susceptible io 
the particuhir races of smut, 
used and the otlier was re-' 
sistant. The results showed 
a simple dominance for the inheritance of resistance, segi’egalion oc- 
curring on the basis of a 3:1 ratio in The results obtained in 
F 3 were in harmony with the interpretation. 


S.~SUSC£^r/BjLjE 

m:^££/£S‘ /AfC?C£l£r££ ^££/M£-££i£/mf 
mM £^ £e^£/m$' /Afac^l£7££ mr£ L£y7S-Af/SS£m/ 

Figuee 2.— Beaction to UstUago Idt^js-Missouri of F3 progenies 
for each of five oat crosses, grown from. Fa plant populations 
that had been inoculated with U. amnae-Missonn, V. avenue^ 
Fulghurn, and U. leois^Missoiin: A, Hybrids 37 and 38; B, 
hybrids 41 and 42; C, hybrids 43 and 44; B, hybrids 46 and 
47; B, hybrids 48 and 49. 
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llie presence of segregating progenies in Fb in certain crosses in 
which^ no infection was expected is doubtless connected with the 
behavior of certain^ oat varieties. Occasionally an infected plant is 
found in an’ow of Markton when this variety is inoculated with 
Ustihgo Z^m^-Missouri. Fulghiim frequently shows a small percent- 
age of infection with both U. O'r^rme-Missoiiri and U. Z^ris-Missoiiri, 
logoid and Cornellian show a comparatively high percentage of 
smutted plants. ^ It has, however, been very difFicult to approach 100 
percent of infection in either of these varieties. 

The further question arises as to the extent to which the fungus 
develops in individuals of such varieties as Markton, Fulghum, and 
logold, the plants of wnich finally appear normal. Kolk (.5) has 
shown that, in the resistant Black Mesdag, Ustilago orcnac-Missouri 
penetrates and ramifies more or less extensively throughout the 
coleoptile. Apparently, however, it does not gain entrance into the 
developing embryonic tissue. 

Bayles and Colfman (i), in studies of the effect on gennination of 
removing the hulls from seed of certain oat varieties, report a reduction 
of 5.1 percent in seedling emergence in the Markton variety when seed 
with, hxills removed was inoculated with smut. A similar reduction 
was observed in the susceptible varieties Early Champion and Sixty- 
■Day. Stanton et al, (18), reporting studies on t he effect of removing 
the hull on seedling emergence in oat varieties, showed that a.ithough 
Markton gave no apparent indication of smut infection, yet seedling 
emergence was reduced by 2.9 percent through inoculation with smut. 
It was concluded from this evidence that Markton is not completely 
free from infection by the smut organism. ^ 

The occurrence of marked smut infection in F3 progenies of the 
Markton X Black Mesdag cross is diifficult to explain. ^ It is possible 
that complementary factors may account for the reduction, or appar- 
ent breaking down, of resistance in the F3 progenies of this cross. 
Briggs has observed the occurrence of smutted plants in some of 
his resistant progenies of hybrids between^ Hard Federation and 
Hussar wdieat varieties. No smut appeared in the F2 and F3, but in 
the F4 and subsequent generations slightly susceptible families -were 
obtained. Briggs interprets his results on the basis of modifying 
factors. 

In the Markton X Black Mesdag cross, 25 percent of the F3 progenies 
descended from F2 plants inoculated wnth Ustilago ayenae-Fiilghuni 
wmre infected (table 2). The occurrence of smut infection in so many 
progenies is hardly analogous to the appearance of a few smutted 
individuals in F4 and subsequent generations of certain wdieat crosses 
reported by Briggs (2). As a consequence, these results caniiot be 
interpreted on the basis of modifying factors. It is probable that 
complementary factors may offer a more satisfactory basis for inter- 
pretation, since so high a percentage of the F3 progenies were smutted. 
Both Markton and Black Mesdag may carry complementary factors 
for susceptibility, which, wnen brought together through hybridka- 
tion, may produce smutted plants. 

Another interesting result is the relation between the number of 
resistant, segregating, and susceptible F3 progenies. In the Ustilago 
fem-Missouri series there is a preponderance of resistant progenies in 
all five hybrids. The same is true in the U. armae-Missouri series of 

71187— 34—S ' 
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hybrids 41 and. 42, 43 and 44, 46 and 47, Jind 48 and 49. Of course 
these results would be expected to large extent on tlie basis of the 
behavior of tlie parental varieties, sine(‘ none of tluun snowca! a.ny- 
tliing like 109 percent, of inrection. 

The loss of tlie sus<H‘[)tibie individuals in these liybrids introduces a 
clifficiilty in the coniphde analysis of smut infuvritance. Tlu^ smutted 
plants being (!(‘s(,ro;v(al, their sii!)se((uent gerieraticnis eanrioi Ix^ iirown. 

SUMMARY 

This paper presents results obtained wit h six oat by iirids, involving 
crosses between varieties that differ in their l)elnivior to certain races 
of the oat smuts. 

F 2 plants of all these crosses, inocuhited witli Umlago amnae- 
Missoiiri, U. /cre^-Missonri, a,nd IL (X^v^;lac-Flllgll^ w(u*(' grown and 
studied. Progenies of all 6 crosses inocrdat,ed with U, a/v7/f/c~i\Iissoiiri, 
progenies of 5 crosses inoculated with U. and [)rogenies 

of 1 cross inoculated witli IL amnae-Fulghmn also wxire grown in Fu, 
and their reaction, to these sinuts was recoiaied. 

Tlie data for hybrids 37 and 38 (hlonarch Selection X BlackM,esdag) 
inoculated with [jsnlago arc/mr-Missoui'i indicate that smut resistance 
is inherited on the basis of a 3:1 ratio. 

A most notewortliy feature is tbc oeemneuce of (ainsideralxle smut in 
some Fa progenies of hybrids doseended from entirely resista.nt 
parents. ^ ^ , . v . 

In most of the hybrids completely resist ant progenies pr(Hiomi:na,ted 
over segregating progenies; there wore very few susceptible progenies 
recorded. 
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TESTING ALFALFA FOR RESISTANCE TO BACTERIAI 

WILT' 


By Fred Reuel Jones 

Senior pathologist, Division of Forage Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 


INTRODUCTION 


In 1930 the writer 0)^ described a procedure whereby it seemed 
possible to compare alfalfa^ {Medicago saliva L.) varieties in regard to 
their resistance to bacterial wilt, caused by Phytomonas insidiosa 
McCulloch, in the space of a single year, thereby avoiding the delay 
and climatic hazards inevitable in a field test in infested soiL The 
procedure described permitted not only the comparison of the degree 
of resistance in varieties but also the selection of resistant plants from 
which resistant strains may be developed. During 3 years the writer 
has used this method in comparing resistance in plants from a consider- 
able number of seed lots of alfalfa. Modifications of the procedure, 
which would permit testing larger numbers of plants with the facilities 
available for the purpose at Madison, Wis., have been tested. The 
development of the parasitic bacteria in resistant and in susceptible 
plants has been compared. The present paper is a report on the 
progress of the work thus outlined. 

In 1930 Peltier and Tysdal (7) published results from a single but 
extensive trial of the method described by the writer (3). In 1933 
Peltier (5) published additional data of a similar character. All of 
these results are substantially in agreement with those presented here. 
In 1932 Peltier and Schroeder (3) in a study of the nature of resistance 
of alfalfa to wilt reached the conclusion that in the material studied 
resistance was in the main associated with morphological features of 
the root. The writer is unable to corroborate this conclusion. These 
results by Peltier and his associates will be discussed later in this 
paper. 

COMPARISON OF VARIETIES FOR RESISTANCE 


The procedure in comparing seed lots for resistance has been little 
altered from that originally suggested (3). .The seed is planted in 
flats in the greenhouse, preferamy in November, but when necessary 
as late as the middle of January. When the seedlings are about a 
month old they are transplanted, usually into beds where they are 
spaced about 1% inches apart in rows 3 inches apart. As early in May 
as possible the seedlings are washed from the soil, inoculated, and 
transplanted to the field, where they are spaced 4 inches apart in rows 
10 inches apart. In 1930, inoculation was made by scraping opposite 
sides of the root lightly with a knife under a bacterial suspension from 
several pure cultures of different origin. In the 2 following years 
incision was made through the bark with a sharp knife under a 
bacterial suspension instead of scraping. A second inoculation was 

1 Received for publication Mar. 22, 1934; issued July 1934, Cooperative investigations between the 
Division of Forage Crops and Diseases, Bureau of Plant Industry, U.S. Department of Agriculture, and 
the Department of Plant Pathology, University of Wisconsin. 

2 Reference is made by number (italic) to Literature Cited, p. 1098. 
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made of the plants in the entire plot in 1930 and of a part, of those in 
the plot in 1931 in early August in the following mnmwr. After all 
plants showing disease‘syinptonis were piilled, earth was renioN'iai 
from around the crowns of those remaining, and a thin sh(‘e of <hs(\ased 
tissue from one of the infected plants was inserted in an im'ision 
through the bark of the taproot. The eartli wuis Hum i-(M)lac(^d a, bout 
the crowns and the ground was well watered. This sia-ond inoculation 
cannot be made rapidly, and therefore it was not carihal out with 
plants from the seed lots from Tiirkistan in 1931 nor was it attempted 
at all in 1932. Three cuttings have usually been made in the early 
bloom stage. 

After active growth had ceased in the fall, the plants were dug for 
examination and divided into two classes, namely, those infected and 
those uninfected. Evidence of infection wns first sought by cutting 
the main root of each plant at about 6 inches below tlie ci’own, If no 
discoloration characteristic of the disease could l>e found in any root 
at this distance from the crown, the scar of the wound nuule at inocula- 
tion was examined. If no discoloration was found here' aft(n niaking 
such incision as seemed necessary, the plant was classed as uninfected. 
Such an examination will not alwuiys reveal local infections near the 
crown, and therefore occasional plants judged uninfected and phiced 
in the greenliouse have subsequently developed disease; birfc these 
occasional errors in classification are preferable to a, more tliorougli 
examination of the plant which destroys its immediate usefulness in 
seed production. 

Tlie method outlined may be varied by starting the phints a,t differ- 
ent times in the year and inoculating at different stages of develop- 
ment in the greenhouse as well as in tlie field. Several variations 
which might be serviceable if successful liave been tried. Cliief 
among these are the following: 

(1) Seed sown in the field in early spring. 

(а) Inoculation at transplantiug to rows in the as witli greenhouse- 

grown plants, as soon as seedlings are hirgc' enougli to inoculate 
conveniently through wounds in the roots. 

(б) Inoculation atdransplanting to the greenhouse in wliicli tluv plants 

are grown tlirough tlie summer. 

(c) Inoculation of spaced plants without transplauting. 

(2) Seed sown in the field in late July or August; inoculaUon at trans|)lanting 

to the greenhouse in October. " 

The first variation was tried exteiisively in 1930. Owing in parl^ to 
a thick stand, the plants did not attain sufficient siz(> for transplanting 
until late June, and transplanting extended into ca.ily fJuly, when the 
temperature was high. While water was freely used at tra,nsj)la:nting 
and subsequently, the plants did not make rapid growtli during the 
entire summer, though few died. Infection was less than by the 
rontine method, especially in the more resistant class. The period 
from inoculation to the end of the summer appeared much too short 
for advanced development of the disease in infected plants. The 
procedure gave useful comparisons between seed lots, but it did not 
result in the infection of nearly so many plants as did the routine 
method. It has not been tried further, v 

The second variation was likewise tried in 1930 in the hope of 
extending the growing season somewhat and thus obtaining a moi^e 
thorough elimination of the susceptible plants. Seemingly (vx(udlent 
conditions for infection were provided by shading tln^ greenhouse so 
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that the teniperature did not rise above 30'' C. and by keeping tlie 
soil well watered. Nevertlieless, infection was even less than in 
plants transplanted to the field at the time the greenhouse experinieiit 
was begun. The method appeared useless and was not tried further. 
In general, field-grown seedlings transplanted at any other time than 
in. late autumn make less rapid recovery and subsequent growth than 
greenhouse-grown seedlings. 

The inoculation of spaced seedlings grown in the field by digging 
around the plants and applying a bacterial suspension to a wound 
made in the root or by inserting bits of diseased tissue in the root has 
invariably proved a highly efective method in securing infection. 
In 1931 it was tried extensively. The disadvantages of this method 
are the amount of labor involved and the fact that in this latitude 
seedlings from the spring sowing do not attain suificient size for inocu- 
lation until the growing season is far advanced. Thus wdien winter 
comes the disease has not progressed far, especially in the more resist- 
ant plants. It should be noted that inoculation by fragments of 
diseased tissue dipped in bacterial suspension and inserted in slits in 
the bark of the roots has given slightly higher infection than any 
other method tried. Tables of the results of this method as compared 
wdth results obtained by the use of several pure cultures are omitted 
for the sake of brevity. 

Where seedlings growm in the field in late summer and early autumn 
w^ere inoculated upon being transplanted to the greenhouse, it seemed 
that inoculation would be made into the most susceptible tissue the 
plant would produce under field conditions and that in consequence 
disease development would be rapid. In a single trial made with 
about 900 plants from 12 seed samples the anticipated high infection 
was obtained, an infection approximately equal to that obtained in 
the field from the inoculation of greenhouse seedlings. The method 
has not been used further because it requires much greenhouse space. 

Table 1.^ — Comparative test of alfalfa varieties and seed lots for resistance to bacterial 

wilt, 19S0 


[Inoculation w>as made with pure culture at transplanting in May and by use of diseased tissue in August] 


Origin or variety 

Seed 
lot no.“ 

Plants inoculated 

Origin or variety 

1 Seed 
lot no.« 

Plants inoculated 

Total 

Unin- 

fected 

Total 

IJnin- 

feeted 



1 Number 

Percent 


' j 

Number 

i Peremt 

Arizona. 

1289 

217 

1. 5 

Montana...... . 

i 1300 

218 

■ .2 '■ 

Argentine - --- 

1332 

201 

1. 6 

Peruvian.- 

1290 

219 

0 

Baltic. . 

597 

181 

1 

Ladak 

1334 1 

233 

30 

Cossack 

1260 

145 

1. 6 

South Dakota 

875 

216 

4' 

Grinini... , .. -- 

999 

! 437 

1 

Do 

1173 

. 228 

' ' '2 ■ 

Do. - ..... 

1335 

1 195 

1 

Turkistan... 

1366 

149 : 

24 

Kansas ( W ichita) . . . . 

1224 

1 302 

0 


/ 84371 

118 

^44' " 

Kansas (Derhy). — . 

1225 

i 209 

9.6 


1 bP.I. 



Do 

1301 

166 

6 

Utah.. .... .... 

1157 

^ 158,. 

3 

■Do.. ' 

1302 

194 

1 ■ ■ 

Do-.--..— ...... 

1219 

134 

0 

■ ■Do..,.,...--...- 

1303 

202 

2.5 

Do. — — 

■ ■ 1245 

225 

■ . '".S 

Do.—.,— .— 

1304 

253 

! 

3 






<» Identification number used at the Wisconsin Experinient Station. 

Identification number of the Division of Plant Exploration and Introduction, Bureau of Plant Industry, 
IJ.S, Department of Agriculture. 
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From this survey of possible variations in the methods for deter- 
mining resistance in 1 year, it appears that the schedule originally 
suggested best combines convenience and ellectiveness. The lirst 
extended comparison of seed lots of alfalfa by this iwitine metliod for 
determining wilt resistance was made in 1930. The seed samples 
used w^ere "largely American regional strains contributed by Prof. 
L. F. Graber, of the Wisconsin Agricultural Experiment Station. The 
resuits of the 1930 trials are presented in table 1. Very few plants 
from the Ameiican strains remained iminfected, whereas the two seed 
samples from Turkistan and the one from Ladak were strikingly 
distinguished by the comparatively large number of uninfected plants. 

In 1931 some of the seed samples collected by H. L. WTstover in 
Turkistan in 1929 and in Spain and northern Africa in 1930, together 
with a few miscellaneous samples of diverse origin, were tested. 
The plant populations from seed of undoubted Turkistan origin 
were sharply distinguished from all others by greater resistance. 
The results are summarized in table 2. A few additional samples 
from the same regions were compared in 1932 with the same result. 
This outcome appears to accord with the very extensive results 
obtained by Peltier and Tysdal (7) and by Peltier (5). The per- 
centage of\minfected plants in the results cited is usually higher 
than that shown here. Such difference in the susceptible varieties 
may be due to the fact that in this class of plants a second inoculation 
was made by the writer, whereas in obtaining the results cited, but 
a single inoculation was made. 

Table 2. — Resistance to bacterial wilt in alfalfa from foreign sources after artificial 

inoculations in 1981-3^ 





Plants inoculated 


Source 

Seed lots 


Percen t agt^ u n i ufccted 



Number 







Uif?hest 

Ifowest, 

A verage 

Turkistan; 

Numher 


Pmrnt 

Pmrnt 

Pi'Tcvnt 

Samarkand 

4 

577 

80 

33 

55 

Tashkent- j 

11 

1, 921] ; 

80 

23 

50 

Ferghana... .. - - - - - - 

2 

291 

62 

43 

47 

Khiva- - 

1 

59 



■' ' . 54 

Bukhara 

1 

108 



m 

M auchur ia - 

1 

03 



0 

China--.,- - v ■ 

4 

390 



.3 

Spain— - - - „ - - - 

45 

4, 873 

1 

O'^: 

.3 

Portugal,. 

4 

500 

I. 

0 

.2 

Northkn .Africa... ... 

33 

4, 203 

1 

0 

. 5 

South' America. 

4 

491 



.■ ,.'2 


Alfalfa, then, falls into two distinct major classes with respect 
to resistances^ resistant class consisting of or derived more or 
less^directly from Turkistan or Ladak, and a susc^^ptible class com-- 
prising alfalfa from all other sources tested thus far. The result 
may be stated in another way. Resistance to bacterial wilt appears 
to be a characteristic of alfalfa in the region, or a,t least in much of 
the region, credited as being its place of origin. The boundaries of 
the region in which high resistance is a uniform characteristic are 
not precisely delimited by the data at hand. .In the dissemination 
of the plant from this region of origin and adaptation to other I'egions 
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where it is now grown the resistant character appears to have been 
largely lost, whatever habit of growth the plant has assumed in 
its new environment. That the disease occurs in Turkistan is 
attested by the fact noted previously/ that the bacteria causing it 
were recovered from two plants collected by Westover at a small 
village north of Bukhara. However, it is unlikely that the disease 
is abundant or conspicuous in this region at present, as Westover 
has stated to the writer that he recognized the disease only at this 
location, in a field that had been excessively watered. Thus it 
appears possible that the parasite has been constantly associated 
with the plant in Turkistan, enforcing a selection for resistance in 
that region, and that the parasite has not followed the plant else- 
where to continue that selection until a comparatively recent intro- 
duction into the United States; but facts are not at hand whereby 
this suggestion may be confirmed. 

COMPARISON OF INDIVIDUAL PLANTS FOR RESISTANCE 

Whatever the historical background of the present regional sepa- 
ration of the resistant and susceptible varieties of alfalfa, the present 
task is production by artificial selection of resistant varieties suited 
to regional needs. Two sources of material are available for use: (1) 
Strains of highly resistant alfalfa from central Asia and (2) individual 
resistant plants that may be found in present commercial varieties. 
If individual plants from susceptible varieties are chosen for the 
building of varieties, much use of artificial inoculation for the elimina- 
tion of susceptible plants from populations will be required. There- 
fore, a critical appraisal of the accuracy and limitations of artificial 
inoculation as a tool both in comparison of varieties and in selection 
should be made. 

That a test carried out in the field where conditions differ from year 
to year will give identical results is hardly to be expected; and in fact 
it has not always given closely similar results in the same season from 
transplantings made but a short space of time apart. Large lots of 
seedlings have been divided and transplanted at several dates through 
May and June, but differences in the resxilts of these experiments 
have not been greater than differences that have occurred from 
inoculations made a few days apart. In a few Turkistan seed samples 
difreren(’,es in the percentages of uninfected plants have amounted to 
3() percent in exceptional cases. In susceptible varieties differences 
have not been so great, due perhaps in part to the second inoculation. 
Such differences were not only perplexing in the plots at Madison, 
but became even more so when an attempt was made to duplicate 
some of the work elsewhere. For instance, in 1930 some of the 
seed samples numbered in table 1 were grown by C. 0. Grandfield at 
Manhattan, Kans., in the greenhouse, and inoculated at transplanting 
with the same cultures as at Madison. At Manhattan the percentage 
of uninfected plants was determined by Grandfield in the autumn. 
On the whole, the percentage of uninfected plants was greater at 
Manhattan, probably because they were inoculated but once, but 
this result was not consistent in all tne lots. For instance, one sample 
gave 25 percent of uninfected plants at Manhattan and but 2.5 

JONEH, F. a. BaCTKHIAL WILT OF ALFALFA IN TUBKISTAN. U.S. Dept. .4gr. But. Plant IlldUR. Plant 
DivSeuHe Eplr. 14; 125. 1930. [Mimeographed.] 
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percent at Madison, and a sample giving 7 percent of uninfected 
plants at Madison gave but 2.5 percent at Manhattan. 

A study of planting and climatic data has been made in an efl'ort 
to explain these differences; but thus far no fact or set of facts has been 
found with which the differences can be correlated. That the method 
of inoculation is usually sufficiently efl‘ecti ve to preven t in any pla n ts 
from escaping infecticm, even though they escape wounding, was 
shown in 1931, when groups of 10 plants were set iinwounded and 
uninoculated at intervals in the plot so that dhhn-ence in growth 
between diseased and healthy plants might be obser\’cd. At the 
end of the season all these groups of nninoculated plants were found 
infected almost as severely as the inoculated plants, except in the 
final transplanting made early in June. Emphasis upon these irregu- 
krities in the results of inoculation should not obscure the fact that 
most repeated trials are closely consistent in result. A second inocu- 
lation of plants that have not shown evidence of disease in the foliage 
by the end of July appears to make results more consistent than does 
a single inoculation. However, this biological test, carried out in 
the field under varying climatic conditions, has not been and perhaps 
cannot be standardized to produce precise comiiarisons. 

Thus far the discussion has been confined to the consistency of the 
test in defining the resistance of plant populations. In the selection 
of resistant plants it is even, more important to know hiiwmnv^irrately 
the test defines or can be adapted to define the resistance of individual 
plants. At the conclusion of a test in autiinin some ])lants are found 
uninfected, others with varying degrees of disease devehopment. The 
questions arise whether any or all of these uninfected plants are unin- 
fectable, or immune, and whether degrees of disease developinent 
represent intrinsic resistance or a more or less accidental retardation 
in disease development. In an effort to answer these (piestions, 
plants showing apparent degrees of disease development were set in 
the greenhouse for further observation. Most of these plants devel- 
oped disease and soon died. Thus the tentative (‘onclusion was 
reached that degree of infection in plants from susc'cptible va;rieties, 
even after two inoculations, is not a reliable index of degi'ce of resist- 
ance in those plants, at least, not of a siifficienlly high degnu'. of 
resistance to be of practical importance. In facd,, ociujsional plants 
among those showing no infection at all have develofXHl dis(ais(^ and 
died as though very susceptible.^ These results may indicate that 
resistance, at least a low degree of resistance, is not stable in growing 
plants. Thus one of the first and most essential steps in the study 
of resistance in individual plants consists in the dehu'minatiou of the 
stability of resistance with inference to the age and onvironment of 
the plant, or the description of such degrees of resistanc(’> as may be 
distinguished. 

A simple proGedure in the determination of the stability of high 
resistance in plants with reference to age consists in the' inpoated 
inoGulation of such plants as fail to be infected by the routine method 
used in the comparison of plants. A considerable nuinber of filants 
ioimd uninfected in the fall have been reinociilated and set in the 
ground for growth the following year. In spite of winter protection, 
such transphmted roots have been killed outright or so badly damaged 
that no significant results have been obtained. Inocubited poi)ula- 
tions left in the ground all winter with some protection have been dug 
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in the spring, and the uninfected plants have been reset in the ground. 
These have usually failed to grow vigorously after such transplanting; 
consequently, the reset plants can hardly be regarded as representing 
the condition of plants that have grown with undisturbed roots. A 
more promising method of obtaining the desired end consists in the 
use of cuttings. In the autumn of 1930, cuttings were made from a 
number of uninfected plants and rooted in the greenhouse. The 
vigorous plants from these cuttings were inoculated by inserting bits 
of diseased tissue in the roots and were set in the field in the following 
spring. A part of the result of this inoculation is given in table 3. 
Some of the groups of genetically identical plants obtained from cut- 
tings remained free from infection and some groups were infected in 
part or in all of the individuals. Further trial will be made of these 
uninfected popxilations to determine whether infection can be obtained 
in them; but at present it appears that even from varieties in which 
95 percent of the plants are infected in a routine test individuals may 
be found which are immune to wilt under these summer field trial 
conditions. 


Table 3.— /n/ec/^on of plants from cuttings the parent plants of which had with- 
stood two inoculations without infection 


Variety 

riant no. 

Diseased 

Healthy 

Variety 

Plant no. 

.Diseased 

Healthy 



Number 

Number 



Number 

Number 


480-1 

3 



f 1300-1 


4 


480-2 


7 

Montana CommoiL 

1 1300-3 


2 


480-6 


4 


1303-2 


3 


480-7 

4 



1303-3 


3 

Turkistan - 

480-9 


5 


1304-1 

4, 

3 


480-10 

2-5 

2 

2 

11 

Kansas Common- .. 

1304-2 

1304-4 

1 

1 

2 

4 


2-7 

4 

3 


1304-5 


'2 


, 1356-5 

2 

5 


1304-7 

5 


Grimm:-.--...,-,, 

998-1 

1 1210-1 
^ 1158-3 

4 

1 

1 


1304-8 

2 

2 

Utah Common 

4 

1 






1 1158-4 

2 

1 






Infection that occurred in this trial was usually slight. No symp- 
toms were observed in the foliage. The disease had progressed very 
slowly after entering the vascular system. Although the fate of 
these infected plants in the following year was not determined, it 
seems probable that in most cases the disease would have been out- 
grown. On the basis of this opinion, such plants may be placed in a 
highly resistant class in which infection is possible but in which it 
tends to remain localized. 

A tentative third class of plants, having resistance slightly lower 
than the preceding yet perhaps enough to be of practical importance 
if possessed uniformly in a variety, is illustrated by the folio wimg 
example: Three plants of Grimm, two withoiit infeGtion, the third 
with very slight infection, were selected at the end of the inoculation 
trial in 1930. Cuttings from these plants were grown in the green- 
house and three from each plant were inoculated in the spring of 
1931 . At the end of the summer none of these plants showed disease, 
and they remamed in the field through 1932, still vigorous and with- 
out evidence of disease in the foliage. When they were dug in the 
winter, they were found badly infected, invasion extending to the 
center of the root, and they soon died. Degree of infection and 
behavior differed little in the nine plants. They were much less 
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injured by wilt in 2 years than most Griinm plants in a sunnner; 

therefore^ tliey may be regarded as ha\diig a ch'grcM' of jx^sistance 
somewliat lower than that described in the previous (‘lass. 

Thus, by means of these field trials of cuttings fi;oni incli vidiiala, 
resistant plants may be classified provisionally as iiriiiriine, highly 
resistant, and resistant. Such classilication is adniittxally v(ut c.rude 
and unsatisfactory. It may serve to indicate that r(‘sis(an(‘e apfxauvs 
to exist in varying degrees in plants. In rare individuals immunity 
may be attained, but coinparatively high and low d(\gr(M\s of resist- 
ance may be distinguished. 

THE NATURE OF RESISTANCE 

During the foregoing comparison of varieties with respect to resist- 
ance, detailed study has been attempted of the behavior of infection 
in plants having different degrees of resistance, with a view to describ- 
ing the differing host-parasite relationship which finds conspicuous 
expression in these degrees of resistance. In this wcxrk met hods of 
approach have been developed and tentative conclusions have been 
reached which need further confirxnatiorn A disemssion of this in- 
complete work seems warranted, since Peltier and Schroecler (6*) in a 
recent publication have reached conclusions radically different from 
those of the writer. 

In the course of the comparative testing of alfalfa seed lots inany 
inoculated plants of resistant or susceptible strains in various stages 
of disease have been examined and compared. Material has been 
fixed and stained after being embedded in paraffin, but more fre- 
quently living roots have been sectioned with the razor or the sliding 
microtome. By the latter method discolored areas indicating infec- 
tion can be examined at the exact point of interest more rapidly and 
effectively than is possible after the material has been (mibedded. 
Sections from living material are fixed in alcohol to hold the bacteria 
in place and are stained in the usual manner. Thus the relation of 
the bacteria to large areas of the host tissue may be surveyed in a 
relatively short time. 

Attention was first directed to the initial stop in infection, namely, 
the development of the bacteria in parenchymatous tissues around the 
wound to which the bacteria were applied. Here it was found tha,t 
in plants with no vascular invasion at the end of a routine test for 
resistance, there is usually no invasion of ])a.renchymal4)us (issue or 
but a very slight invasion which has not reached the v(‘.ssels. In 
plants in which vascular invasion is slight, invasion at the ])()int. of 
inoculation is slight and is not found elsewhere along the invuuled 
vessels. In very susceptible plants invasion of jxaa'enchymatous 
tissue at the point of inoculation is relatively rapid and abundant, and 
vascular invasion is soon followed by parenchyinato us in vasion at more 
or less widely scattered points along the invaded v essels. Occasionally 
very conspicuous exceptions occur in which extensive invasion of 
parenchymatous tissue at the point of inoculation is not followed by 
extensive vascular invasion, but these exceptions appear to form a 
very small dis tinct class which need not confuse the discussion here.'^ 

1 In the exceptional plants referred to, the parenchymatous tissue api)ears to r(3U(4, to invasion by hyper- 
trophy and even by slight hyperplasia. The region of inoculation develor)s a KoU-like swelling. X'he 
bacteria usually pass to the very center of the root along the enlarged wood ray (^ells. F<3w vessels are 
nviKied, and these may be scattered to the center of the root. Such plants have been foiiiul l.hus far only 
n strains of Turkistaii alfalfa. 
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The foregoing results indicate that resistance first finds expression 
in the failure of the bacteria to establish themselves rapidly and 
extensively in the parenchymatous tissue of the host, either at the 
portal of entry, or latey from the invaded vessels. 

Following the examination of infection in populations presuniably 
more or less heterogeneous, similar comparisons were made with 
plants of known uniformity, that is, with cuttings from previously 
tested plants. ^ The supply of such plants has been small, both iii 
quantity and in diversity of origin; therefore, methods were devised 
whereby it could be used most economically. Chief among these 
were the inoculation of pieces of roots in an incubator and the recip- 
rocal grafting of plants. The results of the preliminary tests are as 
follows. 

Pieces of roots taken from large plants in the fall were stored under 
controlled environmental conditions, and infection has been obtained 
in such pieces as well as in entire plants. The procedure has been 
used both to test rate of penetotion of the bacteria in susceptible 
plants under different environmental conditions and to compare pene- 
tration in susceptible and resistant roots. Kesults obtained in this 
way support observations made in growing plants. Very little pene- 
tration of the bacteria into the phloem of roots of well-attested resist- 
ance has occurred, while abundant penetration of bacteria into roots 
of susceptible plants has been obtained. 

The most spectacular contrast in the development of the bacteria 
in resistant and susceptible plant tissue has come from inoculation of 
grafted plants, though this work is as yet meager in c^uantity. The 
grafting is easily accomplished between roots of the same diameter, 
both in the fall with plants from the field and in the spring with 
greenhouse seedlings ready to set in the field. The usual wliip graft 
has been used, the union tightly bound with twine and covered with 
melted beeswax. The grafts are packed in moist sphagnum, with a 
little of the crown exposed, and maintained at a temperature of about 
25° C. in a moist chamber for 2 or 3 weeks to hasten the union. The 
plants are then set in soil with protection from drying until vigorous 
growth starts. Inoculation has occasionally been made on the cut 
surfaces at the time of grafting, but usually in the susceptible portion 
of the graft at theriiine of planting. 

The two portions of the graft appear to maintain essentially their 
original susceptible or resistant characteristics in this union, although 
a susceptible top on a resistant root lives longer after infection than it 
does on its own decaying root. Through the use of grafted plants 
bacteria can be introduced directly into un wounded and continuously 
functioning vessels of resistant tissue without having to pass through 
parenchymatous tissue in which, as previous observation indicated, 
they were hardly able to penetrate. 

A typical contrast of bacterial development in tissues of immune 
root inocidated in this way with that in a susceptible root isiurnished 
by a fortunate graft in which about 4 cm of immune Turkistan root 
was inserted in the taproot of a highly susceptible nonhardy plant. 
This graft was made in December 1931. The lower portion of the 
susceptible root was inoculated, and the plant grew slowly in the 
greenhouse during the winter. In the spring it was set in the field, 
where it grew vigorously, showing no symptoms of disease. When 
dug in Gctober the taproot was about 2 cm in diameter and the graft 
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unions were smootli, tliougli. visible. The crown and taproot were 
then split vertically; one half was waxed over tlie wound a,nd set in 
the. greenhouse, and' the other half was prepa.red for , microscopic 
examination. On Deceniber 19 the foliage of tlie griuuihouse phrnt 
showed symptoms of wilt and was tlien examined, SiTtions pri^painal 
at the earlier and later dates from this plant show dillerema's only in 
degree of disease. The entire root, including the ins(u*(c(l poidion, 
was deeply discolored. The new growth formed since tlie union was 
a wide band eacli of summer and autumn wood sliarply distinguished. 
The lower susceptible portion of the root was severely diseased, with 
extensive invasion of the fall wood both in vessels and in pa,renchyin- 
atous tissue. The upper susceptible portion was less severely invaded, 
although bacteria had advanced to some of the outermost vessels. 
In the immune insert, whicli was almost as deeply discolored as the 
rest, the bacteria were found only in a few vessels of the summer 
wood and not anywhere in parenchymatous tissue. Extensive gum 
formation occurred in the susceptible portion, but only in the simimer 
wood of the immune insert. The discoloration of the immune portion 
was due largely to the soluble stain, which nuiy have Ixuui })roduced 
in the susceptible part. So far as could be disco verecl, vascuhir con- 
nection through the inserted portion was open, permitting distribution 
of bacteria through it from the infested vessels at either end, and 
perhaps tlie bacteria found there had arrived by this route. Previous 
trials with ink in grafts had demonstrated open vessels tlirougli the 
unions permitting ink particles to pass, tliougli many vessels had 
sharp turns conducive to clogging. 

In other inoculated grafts of resistant tops on susceptible roots, 
and vice versa, made at about the same time, similar residts have been 
obtained. Disease has progressed in the usual manner in the sus- 
ceptible portion. Discoloration extends far into the resistant part 
of the union, although few vessels in that resistant part show clear 
evidence of bacterial development in those vessels by the. ])resence of 
matlike colonies over pits. Thus it appears that imimmity and very 
high resistance are manifest not only by faili i re of the bacteria, to develop 
in the intercellular spaces of the parenchyma- of an inoculated f)Ia.nt, 
but also by a much less luxuriant growth in the [)itiS of those v('ss(ds. 
In no case have bacteria been found invading parenchymatous tissue 
in the highly resistant part of grafts, howevei‘ extionsively this has 
occurred in the susceptible part. 

From the writer’s previous studies af disease tlie c-omdusion 
has been drawn that without invasion of painnchymatous tissue vas- 
cnlar invasion does not proceed far; and thus if this apparent resistance 
of the parenchymatous tissue to invasion continues to be found in 
all plants which are not infected or but slightly infected by repeated 
inoculation in the usual routine, the resistant cbaracten seWms to be 
manifest chiefly in the parenchymatous phase of invasion. The 
nature of this resistant character is not apparent. The gathering, 
testing, and increasing of resistant plant material for comparison Is 
in progress, and a more comprehensive comparison of such material 
is planned. 

A theory of the origin of resistance very different from that just 
outlined has been stated recently by Peltier and vSehroeder (6, p. 2), 

J.T. * j usual or normal progress of the bacteria from their entry until 

the death of the plant ensues has been followed. 
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In the main it has been found that resistance in some alfalfas is associated with 
certain morphological features, particularly in the root, which inhibit rapid 
development and invasion of the vital tissues by the bacteria. These morphologi- 
cal differences in susceptible and resistant sorts" are inherent, though not absolute, 
since any variety or strain of alfalfa is made up of a widely diverse lot of individ- 
uals. It is for this reason that not a single variety or strain of alfalfa has been 
found which is completely resistant. 

* * ^ Thus while resistance in alfalfas to wilt is associated with root 

structure, it is also true that inhibiting or accelerating the rate of growth of 
either susceptible or resistant sorts will modify the root structure to such an 
extent that susceptible sorts will become more resistant or resistant alfalfas more 
susceptible. 

* * There appears to be no direct evidence in any of our physiological 
or microchemical studies to show that any internal physiologic function of the 
plant makes one variety more resistant than another, except insofar as morpho- 
logical modifications may occur under different environmental conditions. 

The inorphological characteristics of resistant varieties are stated 
to be as follows: (1) Vessels of smaller diameter, more angular, with 
heavier wall thickenings; (2) vessel segments shorter, with more 
obstructions from remaining vestiges of the septa; (3) vessels arranged 
in groups, with less contact and more intervening fibers; and (4) less 
frequent contact of vessels with parenchymatous cells. Peltier and 
Schroeder illustrate these differences by contrasting photomicro- 
graphs, but give no measurements of length or diameter of vessel 
segments. Measurements made by the writer from their photo- 
ixiicrographs (6’, pL 7) showing difference in diameter of vessels in a 
plant of a resistant and a susceptible variety show that the average 
outside diameter of vessels in the resistant root is about 23ja and in 
the susceptible root about 38 m. The writer has examined sections 
of many resistant and susceptible plants and has not observed such 
contrast in vessel diameter. However, in such comparisons, measure- 
ments are a safer guide than observation, and therefore, in July 1933, 
plants of 3 resistant and 4 susceptible varieties under test in the field 
were sectioned for examination. Median longitudinal sections were 
stained lightly with thionine, and the length and diameter of vessel 
segments of at least 10 representative vessels distributed across the 
diameter of the root were measured. The average of these measure- 
ments w^as found, and finally the average of such measurements from 
5 plants. The results are given in table 4. No significant difference 
appears in either length or diameter of vessel segments between the 
resistant and the susceptible varieties. In all plants vessel diameter 
is approximately the same as that showm in the cited illustrations of a 
susceptible plant 2^/-. 7, 6). 

Table 4. — Comparison of average length and diameter of vessel segments i7i roots 

of resistant and susceptible varieties of alfalfa under test for resistance to wilt 


[Measurements made in plants taken from the field, July 19, 1933] 


Eesistaut variety 

Average 

length 

Average 

diameter 

Susceptible variety 

Average 

length 

Average- 

diameter 

Tnrkistan _ ^ _ i 

r 

104 

90 

80 

^32 

38 

36 

Grimm. 

■ • 

, . 84 , ■ 

80 

80 

38 

38..-.: 

38 

Hftrdiatan ^ _ _ . 

■ Cossack- - 

Ladak 

Canadian Variegated — 
South .Dakota Common. -- 
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The writer ha.s sought among the. plants in his selections for evi- 
dence of the reinainiiig differences between resista,nt an.d susceptible 
plants described by Peltier and Schroeder and ha, s failed to find a,ny 
of them. It wiirbe very interesting indeed if these investigators 
have found an environmental condition in which resistant and sus- 
ceptible varieties show different internal structures, but sucli structural 
differences can hardly be regarded as a cause of resistance when similar 
contrasts in resistance are shown by the sa,me varieties grown in an 
environment in which these structural differences do not occur. 
The structural differences betvreen roots of resistant and susceptible 
varieties here described appear closely similar to tliose observed by 
the writer in plants responding to a short period of illumination witli 
short internodes and with long internodes, respectively, when both 
are grown in short days. 

Tt should be pointed out that Peltier and Schroeder appear to the 
writer to have built their morphological theory of resistance upon a 
conception of the development of the disease in tlie plant which differs 
in one important respect from that held by the writer 4). The 
diff'erence in opinion concerns the route by wliich tlie bacteria spread 
within the plant, and may be stated thus, Botli agree tha t in entering 
a plant through a wound the bacteria first establisli tliemselves in 
parenchyrnatous tissue, whence they pass into vessels. From tins 
point interpretations differ. The writer finds parenchyniatous 
invasion arising along those vessels first invaded and Ixdieves tliat by 
passing between cells of this tissue tlie bacteria invade other vessels 
in the same manner in which the first vessels were penetrated at 
infection. Peltier and Schroeder do not describe sucli parenchym- 
atous invasion, progressively increasing from initial infection, but 
describe the passage of bacteria from vessel to vessel by penetration 
of the thin wall separating opposed pits of contiguous vessels. Al- 
though the writer has recognized that passage of bacteria f rom vessel 
to vessel does occasionally take place by the dissolution of cell walls 
(4, p* 70jJt.g. 18)yhe has been unable to find convincing evidence that 
passage occurs through pores in pits as described by J^(>ltier and 
Schroeder (6*, pp, 7-8). In fact, ^ the writer is unable to voilfy the 
existence of the pores described in the cell niembra.rie. The [)hot()- 
micrographs cited as showing these pores or reticulaf.e(l (‘ondition 
of the membrane (6*, pL i, jB, C.) appear to show only a refractive^ 
effect of the lignified thickening of the wall, not ])ores*in which bac- 
teria can or do find lodgment and developnaerit. In a, reeauit paper, 
Bailey (I) gives illustrations and a description of vestured pits that 
appear to identify as vestured pits the pit condition iti alfalfa illus- 
trated by Peltier and Schroeder. 

It appears probable to the writer that ^Pel tier and Schroeder over- 
looked the presence of parenchymatous invasion in the early stages 
of disease development, widely scattered and tenuous as it often is 
along the invaded vessels. For instance, they state (6', ?^ ^7): 

As a rule plants in whicli bacteria are present in the parencbyinatous tissues 
in the fall do not survive the winter or spring because of the small amount of root 

reserves found in plants in this stage of disease developmemt. 

This statement does not accord with the writer^s experience. In 
the spring of 1933 special search was made for local invasions of 
parenchyma in plants overwintering with but a of disease. 

Among plants brought from an old field, invasions in parenchyma 
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were demonstrated by staining in 80 percent of the plants examined, 
and in 90 percent of overwintering plants artificially inocnlated the 
previous summer. Invasion of parenchyma has been found, in the 
writer^s opinion, sufficiently associated with all stages of active dis- 
ease development to account for progress of bacteria to new vessels. 

RESISTANCE AS INFLUENCED BY SELECTION 

A single experiment indicating the increase in resistance that may 
be obtained from selection alone will be reported here. In the sum- 
mer of 1931 a small field planting of cuttings of highly resistant plants, 
well separated from any susceptible plants, set seed. The planting 
consisted largely of selections from susceptible common alfalfa, with 
a few plants of Ladak and of Turkistan origin. The open-pollinated 
seed from each individual plant represented was kept separate and 
plants from this seed were tested for resistance the following year, in 
some cases in comparison with a part of the original seed lots. The 
results of this test are summarized in table 5. In the 1930 test of 
the seed lots the plants were inoculated twice; in the 1932 retrial of 
those lots and in the test of the seed from the selections the plants 
were inoculated but once. The percentage of resistance given for 
the selections is an average of several trials in the same plot, the 
number of plants included ranging from. 60 to 370. Differences 
between resistance in parent stock and selections in the first three in- 
stances and in Ladak do not, in the writer’s opinion, represent a 
significant increase in resistance in the selection ; but in all other cases 
the increase is regarded as highly significant. This result indicates 
that considerable increase in resistance can be obtained from some of 
the resistant plants selected by the procedure here described. More- 
over, the resistant selections in this test appeared to have the general 
character of the stock from which they came and were not of the early- 
dormant Turkistan type. Additional selections from this plant 
material and from other sources are being made for a further test of 
the possibility of increasing resistance in strains from selected plants. 

Table 5." ^(htn-parison of refiistance in sotne highly susceptible seed lots with resist- 

ance in the Fi population, of selected resistant plants froin those seed lots 


[ Resist, ance is rei)re8eii1,erl by the i)ercentage of i:)lants remaining uninfeeted at, tlie end of a routine 

inoculation trial] 


Panuit 

si;ock 

no. 

Variety 

. 

Resistance of parent 
stock 

, ■ ' 

Resistance in Fi population from numbered 

1 selected plants (1932) 

1930 « 

1932 ft 

Plant 1 

Plant 2 

Plant 3 

Plant 4 

Plants 

1210 
1225 
1245 
1289 'i 

1300 1 

1301 i 

1302 

1303 

1304 

1334 . 

1335 
1350 ' 


0.5 

.5 

1 

1.4 

1. 4 

2.4 
1,8 

32.4 

2.8 

30 

1 

24 


11.7 

16 

22 

23.5 
25 

40 

49 

35.3 

26.6 
36 

31 

66 

8.7 




Kansas Common 

Utah Common 

14 

22 

3.4 

3.4 








Arizona, Comimon 

16 

16 

23.3 




A/ToTitaria, CoTTiTTioTi 




Kansas Common 




' Do ~ L - ■ 

7 




"Do " „ 

38.7 

33.1 

37.5 

31 

66.6 

'■'.29.8' 


■' Do 

7 

40 

Ladak . 

(Iriinm* . ~~ 






Turkistan * . „ _ \ 


, '43.7' 

59. 3 









« Inoculate<rtwice. Inoculated once. « A verage of several trials. 

,71187-34— -4' ■■■ ' ■■ ' ■ , , ■ 
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SUMMARY 

Alfalfa plants grown from seed frorn various soiu’ces lniv(' hcH'n 
inoculated at Madison, Wis., during 3 years for two f)u.i*i)oses, namely, 
the comparison of resistance in the sources repinsented a!id tiu' sehn*- 
tioii of resistant plants from which resistant strains may Ix^ (l(‘velo[)(Mh 
Several procedures by wliich resistance in plants ifoiu diirerent secal 
lots may be compared are described and evaluated. 

Alfalfa from Turkistan and Ladak shows far moi'e resistance than 
that from any other source from which seed has t>een tested thus far. 
However, occasional higlily resistant plants are found from other 
sources. 

On the basis of the routine inoculation used in the tests, resistant 
plants have been tentatively grouped in three classes, ruirnely, immune, 
highly resistant, and resistant. 

Resistance appears to be exhibited largely in the pareiichyinafoim 
tissue of the plant through which the bacteria iriake little or no 
progress in resistant plants, and somewhat through the less rapid 
multiplication of the bacteria in the vessels. 

No evidence has been found of morphological differences distin- 
guishing resistant plants. 

Increase in resistance in open-pollinated progeny from some of the 
selected plants has been obtained. 
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A GALL SIMILAR TO CROWN GALL, PRODUCED ON 
GYPSOPHILA BY A NEW BACTERIUM ‘ 

By Nellie A. Brown 

Associate pathologist, Division of Fruit and V'egetahle Crops and Diseases, Bureau 
of Plant Industry, United States Depart7nent of Agriculture 

INTRODUCTION 

Galls on the crown and roots of Gypsophila paniculata L. were first 
brought to the attention of pathologists of the Bureau of Plant 
Industry in the summer of 1932, when a grower submitted specimens 
of galls that had occurred in an ornamental-plant nursery in the 
eastern part of the United States. Galls on Gypsophila apparently 
were seen for the first time in 1931 by eastern growers of this im- 
portant ornamental plant. However, neither the damage to plants 
nor the financial loss was extensive; consequently the growers did 
not at that time bring the disease to the attention of Federal workers 
interested in plant-disease problems. 

In 1932, of 12 nurserymen who produced Gypsophila paniculata 
for the wholesale trade, only 2 were familiar with the disease, and 
one of these minimized his losses. He admitted that he understood 
the potential danger but stated that his loss had been less than 
1 percent. The losses of the nurseryman who submitted the galled 
plants in 1932 amounted to about 25 percent. 

A note regarding the discovery of the disease was published in 
the autxmin of 1932.^ 

THE DISEASE 

The galls occur principally on grafted plants in the region of the 
graft. They are of a soft nodular type, % to 3 cm in diameter (fig. 

1, A), and may extend around the greater part of the stem or root, 
eventually causing the death of the plant. It is the practice of the 
eastern Gypsophila' growers to lift seedling plants in the fall to use 
later for grafting with the desired variety. wShould their field plants 
be galled in the summer, they are worthless when dug. 

Crown gall of ornamental plants, of vegetables, and of fruit trees, 
which is produced by BaoteHum hmefaciens Smith and Town., is 
so well Iviiown and wide-spread that no surprivse is manifested wdien 
a new host plant for the disease is found. Consequently, when the 
Gypsophila gall was received and examined and its outward appear- 
ance was observed to be very like crown gall, it was at first thought 
that Gypsophila was a new host for crown gall and that the disease 
was not new. 

The routine work for identification, however, changed this idea. ‘ 
Cross sections examined under the microscope showed water-soaked 
areas and masses of bacteria streaming from the tissues, characters 
that are unlike crown galL No nematodes or fungi were present. 
The disease was not crown gall, but there was a possibility that it 
might be related to one of the other bacterial plant tumors, namely, 

1 Received for publication Mar. 19, 1934; issued July 1934, 

2BROWN, N. A. ANOTHER GALL-FORMING bacterium;. Pfaytopatliology 22: 924’-925, lllus. 1932. 
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the pocket disease of the sugar beet, produced by Bactermm bePcola 
(Smith, Brown, and Townsend) Potebnia; the olive knot, produced 
by Bad. savasta7ioi^^. F. Smith; the oleander gall, produced by Bad. 
savadanoi var. nerii C. 0. Smith; or a canker of ash trees, produced 
by Bad. savadanoiYWi:. Jraxiivi'Bmv.^Ti. 

A further study of the structure of the Gypsophila gall, however, 
showed that it had features unlike these iast-named tumors and 
could not be classed with them. There were no gum pockets in any 
of the Gypsophila> galls received for examination. There were a 
few brown areas in some of them, but whether the discoloration was 
the bejginning of the break-down of the gall tissue due to the invading 
organism or to a reaction of the gall tissue to the byproducts of this 
organism is not known. No browning occurred in the galls pro- 
duced^ by inoculation. The GypsopMla galls are so soft that disin- 
tegration occurs very easily. 

The galls were studied in cross section (fig. 2) and in the water- 
soaked areas motile bacteria were seen in the cells. Some of the 
cells were filled with them, others were partly filled, while maiw 
had none. A few of the tumor cells were packed with crystals. 
The cells near the periphery of the galls contained the greatest 
number of bacteria. The causal organism of crowm gall has not been 
seen in the natural gall. 

The structure of the GypsopMla galls was found to be much like 
that of crown gall. Nests of rapidly developing cells could be dis- 
tinguished in which parenchyma and sclerenchyma cells were mixed 
irregularly (figs. 2, A; 3, C). 

ISOLATIONS AND INOCULATIONS 

COLONIES 

An organism was isolated from several galls, the same type of colony 
appearing on the plates poured from each gall. The colonies were 
abundant and apparently consisted of the pathogene responsible for 
the disease. They appeared in 24 hours, were translucent white in 
reflected light, circular, 2 to 4 mm in diameter, slightly raised in the 
center, and finely granular (fig. 2, B). Buried colonies were mostly 
lens-shaped, but some were round. There were no irregular colonies. 
In 3 days they were a creamy yellow, 4 to 7 mm in diameter, and on 
thinly sown plates, 8 to 11 mm. Both rough and smooth colonies 
appeared on the plates isolated from the same gall, but the^smooth 
colonies predominated. Both types of colonies were used for inocula- 
tions and produced galls of similar size, although the rough type pro- 
duced tliem a little more slowly than did the smooth type. _ 

jBy means of needle pricks grafted plants were inoculated 

at the crown and also on the stems with several of the isolated colonies. 
There was a beginning of gall formation at the crown in 7 to 9 days. 
In 2 weeks light-colored nodular galls 1 to IK cm in diameter showed 
at the crowns. Some of the inoculated plants were slow in showing 
infection, but in 3 weeks all had definite galls (fig. 1, 5). W 
were 2 K to 3 cm across, quite frequently disintegration began (fig.A, 
A). Cankers, instead of galls, were produced on the inoculated aerial 
stems. On the 24 plants inoculated, the infection on crown and stem 
wa-s 100 percent. 
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Figure Cross section of Gypsophila paniculata gall showing coll structure. B, Agiir-plat.c colonies 

of the Gy^^ophila gall organism; natural size. C, Potato steins showing swellings; sl.eins inoculated 3 
weeks with Gypsophila gall organism that had previously passed through a potato stern and been reiso- 
lated; natural size. I), Control punctures on potato stem made at the same time as inoculations In C; 
natural size. E, Saponana mccaria inoculated with Gypsophila gall organism 4 days. F, S. vaccariu 
moeulated with Gypsophila gall organism U days, Organusin is most active on this host, which is a 
relative of 6"yp.yo;> Alfa, and i^’sHghtly reduced in size. 
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Eoots of seedling Gypsophila plants inoculated at the crown likewise 
gave 100 percent infections. The galls formed about as rapidly as on 
the older grafted plants (fig. 4, Cj a). Hot moist conditions favored 
gall development. Platings were made from the galls produced by 
inoculation^ and the organism was recovered. Gypsophila plants 
inoculated with this reisolated strain developed galls of the same type 
as rapidly as did plants inoculated vdth the original strain (fig. 1, 
Cj a, b, c). 

At the time the Gypsophila plants were inoculated, stems of tomato 
{Lycopersmm esculentu7n Mill.) and potato (S'oZari.im tuberoswrn LN 
carnations (Dianthus caryophyllus L.), garden balsam (Impatiens 
balsamina L.), sugar beets (Beta imlgaris L.), Paris daisies (Chrysanthe- 
mum frutescens L.), nasturtiums (Tropaeolum L.), and other plants 
were inoculated with the same organism. No galls formed on any of 
them, but well-defined sw^ellings occurred on the potato stems. Isola- 
tions were made from the potato swellings, the organism wnis recovered 
and outgrowths similar to the natural galls w^ere obtained by inoculat- 
ing Gypsophila plants with this potato isolation (fig. 3, A), Potato 
stems, inoculated with the potato isolation, developed sw^ellings like 
those caused by the original organism, but neither galls nor cankers 
(fig. 2, C, p). Inocidations made into potato tubers attached to the 
plant at different stages of growth produced no outgrowths. 

The common^ hosts of Bacterium tumefaciens, such as Paris daisy, 
sugar beet, Ricinus L., geranium (Germiium L.), and garden balsam, 
did not prove susceptible to the Gypsophila gall organism w^hen they 
were inoculated with it, nor did Bact. tu7nefaciens produce any 
trace of outgrowth on roots or stems of Gypsophila paniculata (fig. 4, 
(7, 6, c). The roots and stems of G, paniculata were also inoculated 
with the olive-lmot organism (Bact. samstanoi) and the ash-canker 
organism (Bact. samstanoi var./mxmi) with negative results. 

FILTRATES AND PLEOMORPHIC FORMS 

The juice of crushed Gypsophila galls was passed through Chamber- 
land L 3 filters, and Gypsophila paniculata and Lychnis ehalcedonica L. 
plants were inoculated with the filtrate. No galls resulted. Filtrates 
from beef-bouillon cultures wm-e also used for inoculations, with the 
same result. A portion of the filtrates was held in sterile tubes for 
several weeks, then cultured repeatedly on hardened agar^ plates, 
according to the technic of Hauduroy ^ and of Hadley.^ With this 
procedure the filtrates passed through the granular and coccus stages 
and later reached the normal rod form again, but when the cultures 
arrived at the rod form the ability to infect the Gypsophila plants was 
lacking. The cultures would not produce galls. 

The writer had tried out the method previously with tlnee different 
strains of Bacterium tumefaciens y namely, the hop, daisy, and peach 
strains. Neither the crushed-gall filtrates nor the beef-bouillon-culture 
filtrates of the three strains produced galls when inoculated into sus- 
ceptible plants. Portions of the sterile filtrates were held in tubes for 
a few weeks to a few months, then cultured for some time on hardened 
agar plates. From the granules, the coccus form developed, and later 
from the coccus the normal rods. Inoculations were made into young 

« lUirDlfEOY, P. IVES ULTRA VIRUS ET LES FORMES FILTR antes 0ES MICROBES. 392 pp. Paris. ,1929. 

^ Hadley, F., Delves, B., and Elimek, J. the piltrable forms of bacteria, i. a filtrable stage 
IN THE LIFE HISTORY OF THE SHIGA DYSENTERY BACILLUS. JOUT. Infeot. DlseaseS 48: 1-159. 1931. 
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^ Gypsophila pauiculata, produced by inoeiilation with a strain of tlie orKanism 

reisolated from a potato stem on which a swelling was produced but not a gall. The potato reisolatioii 
ho'weyer, produced galls on Gypsophila root. Photographed 5 weeks after inoculation. B, Gall on BiUjiti 
inoculation with the Gypsophila gall organism; time^ months 
bv^inomiitinn^w?th^fh?^^^^ Manthusplumarhu (garden pink) prodiKfed 

irfomlated organism; time, 2 months. B, Bianthus barbatus (sweet-william) 

ca OTodnc^^ lA??'?h«n ? ^ months; no infection. P, At left gall on Lychnis chalcedoiL 

puiStorot Omophila gall organisn.; at tight, ,„mtr„i 
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susceptible plants with both coccus and rod forms^ but no trace of 
crown gall resulted. 

With the Gypsophila gall filtrates the transition stage from coccus to 
rod came more quickly than with the filtrates of Bacterium tumejadens^ 
and it was hoped pathogenicity accompanied this less tedious manip- 
ulation. It did not prove to be the case, however, as no infection 
followed inoculations into susceptible plants. 

THE CAUSAL ORGANISM 

CULTURAL CHARACTERS 

Beef-infitsion agar plates." White colonies are visible in 24 hours after 
pouring plates from macerated gall tissue incubated at 22° to 25° C. In 48 
hours they are deep cream to wax yellow and range from 2 to 4 inrn in diameter; 
they are smooth, circular with entire margin, shining, convex, a little thicker in 
the center. In 4 days the colonies on thinly sown plates are 4 to 11 mm across, 
and in some there is a margin. At 6 days the color is mustard yellow; later, 
primuline yellow.^ 

After the organism has been cultured a few weeks in artificial media, plates 
poured from a 1-day beef-bouillon culture may show more rough than smooth 
colonies. These are much the same as the colonies that appear from the isola- 
tion material. Occasionally there is a rough colony that has a high convoluted 
surface. The color of week-old cultures is primuline yellow. 

Beep-inpusion agar slants.' — There is a thin spreading growth, usually 
papillate but sometimes smooth, on beef agar slants in 24 hours. Under the 
hand lens it has a metallic luster on beef agar. The pH is 6.8 at temperatures of 
25° to 30° C. At 4 days growth is abundant, butyrous, translucent; at 7 days 
the metallic luster has disappeared and there are many crystals. The color of 
the growth is Naples yellow. 

Beef-infusion bouillon. — Clouding is prompt, being quite definite in 7 
hours at 34° C.; at 30° there is good clouding in 24 hours; in 48 hours a yellow 
pellicle has formed which falls readily. 

Thaxter’s potato-dextrose agar slants. — The growth is spreading but 
not so rapid as on beef agar; it is rough, butyrous, cream-colored, and continues 
so when a week old. 

Potato cylinders. — There is a thin cream-yellow growth in 1 day; it is still 
scanty at 6 days, with the color buff-yellow, and the potato is slightly discolored. 
After 30 days the color is Naples yellow, but the medium has not darkened 
further. 

Cohn's solution. — Growth is rapid and heavy in Cohn's solution, and a com- 
plete pellicle forms with larger irregular crystals hanging from it. At first tlie 
pellicle is white but changes in 7 days to Naples yellow. The medium becomes 
cream-colored and has a yellow precipitate. 

Uschinsky's BOLUTioN."Growth is prompt in this medium, and there is a 
heavy white pellicle in 2 days; in 12 days the pellicle is cream-colored and the 
medhim Naples yellow. 

Fermi's soLUTioN.—Growth occurs readily but is not so heavy as in Uschinsky's 
solution. There is a white pellicle in 2 days, which changes to mustard y'ellbw 
in 12 days. 

PHYSIOLOGIC CHARACTERS 

Liquefaction of gelatin. — No liquefaction begins in beef-gelatin stabs until 
the cultures are a month old. The liquefaction continues slowly and is not com- 
pleted until after 4 months. The cultures were kept at 14° to 15° G. and three 
different lots of beef gelatin, having pH 6.5, 7.0, and 7.3, respectively, were used. 

Colonies on beef-gelatin plates are cream-colored until 6 days old, when they 
become mustard yellow. Both smooth and rough colonies occur on all plates, 
with the rough type more abundant; they are translucent in reflected light, 
transparent in transmitted light. In 3 weeks there are little hollows around the 
colonies, and in 4 weeks liquefaction is definitely visible but continues very slowly. 
In heavily seeded plates the gelatin is entirely liquefied in 4 months; in" sparsely 
seeded plates the liquefaction extends 1 cm beyond the colony. Feathery 
branched crystals are formed on the plates and in the stab cultures. 

a The color readings in this paper are based on the colors in the following publication: Rin(tWA.Y, R. 
coLOit STANDARDS AND COLOR nombnclaturb;. 43 pp., illus. Washington, D.O, 1912, 




IGUHE 4.-/1, Gall on G}/psophUa paniculata, mostly rotted off. Crown whs inoonlated with (hjpmphUn 
gaU orgariisiiGluIy 2iJ, 1932. Pliotograp bed August 30* 1932. B, Cankers, not galls, produc.ed on (/. ■piini’- 
c'Wto^astems, by inoculation with toe Oypsophm gall organism; time, 3 months. < Seedling O. paniculata 
rootsnnpculated with various organisms 2 months: a, with QyimiMla gall organism; b, with liaderium 
tumifactens iMi) strain, no infection; c, with Buct. tumefackns daisy strain, no infection. All nuturul size. 
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MiLK.~~“Coagiilatioii of xnilk occurs at 9 days, with very little whey. A light 
straw-colored pellicle is visible at 6 days. The curd digests slowly, beginning at 
17 days and being completed in 90 days, at which time the color of the milk is 
tawny. 

Blood serum. — -A very good growth takes place on blood serum, but there is 
no liquefaction. The mustard-yellow color at 2 days becomes the deeper primu- 
line yellow at 12 days. The blood serum grays a little at the base. Cultures 2 
months old show no trace of liquefaction. 

Reduction op litmus. — There is a dull pink color throughout litmus-milk 
cultures in 24 hours, and the original color, pale aniline lilac, is changed to pale 
lobelia violet; in 48 hours this color is still duller except at the surface of the 
liquid. In general the color change in comparison with the uninoculated tubes 
is slight. In 8 days the litmus has faded to lavender-gray and in 10 days it is 
reduced, the color now being tilleul-buff; there is a yellow pellicle and yellow 
precipitate of the growing organism. Coagulation usually takes place on the 
ninth day, sometimes on the eighth day, after litmus milk has been inoculated. 
Digestion of the curd is slow, not being completed before 3 months. The medium 
at this time is dull reddish jmrple, and the organism is still alive. 

Reduction of NiTRATES.—Nitrates are reduced to nitrites. Tests were made 
on nitrate-bouillon cuHures 3 and 5 days old, with the sulphanilic acid a-naphthyl- 
amine test. There was a good red color in all the tubes, indicating the presence 
of nitrites. Other cultures when 25 and 30 days old were tested with the same 
result. 

Indol PRODUCTION. — No indol is produced. Tests were made on the organism 
growing in tryptophane broth at 3, 5, and 30 days, respectively, with the Ehrlich- 
Bohine method. Bacillus coli (Escherich) Migula, which produces indol, grown 
as a control and tested at the same time, gave a good pink color, a positive test. 
The Gypsophila gall organism showed no pink color. 

Fermentation op carbohydrates. — The organism is not a gas former. It 
was tested in fermentation tubes in the presence of the following carbon com- 
pounds: Dextrose, saccharose, lactose, glycerin, and mannite. A 1-percent 
solution of each was made in a 1-percent water solution of Difco peptone. Besides 
heavy growth in the open arm of each tube there was growth in the closed arm of 
the tube with each compound except glycerin. No gas was produced. Acid 
was produced in all the solutions but that of lactose. A second test was made 
with the same result. The pH readings were taken just before inoculation with 
the Gypsophila gall organism, also 20 and 27 days after, as showm in table 1. 

The same carbohydrates added to synthetic agar with brom cresol purple as 
indicator, made according to the formula given in the Manual of Methods,® were 
also tested for fermentation. Growth occurred promptly, as did the acid reaction 
with saccharose, dextrose, glycerin, and mannite, the yellow color change in the 
purple medium beginning in l8 hours and being complete in 48 hours. There was 
growth in the lactose cultures but no color change. 

Table 1. — Add production by the Gypsophila gall organism after 20 and 27 days 
of growth in U percent sugar solutions added to 1- per cent Difco peptone 


[Acidity indicated by pll readines] 


Number of days of growth 

pH of solution containing peptone and indicated carbo- 
hydrate 

: pH of 
; plain pep- 

Dextrose 

Lactose 

Saccharose 

Mannite 

Glycerin 

tone water 


6.5 

6.5 

6. 7 ! 

6. 7 

'6.5 

6. 6 



4.2 

7. 0 

5. 0 : 

5. 0 

6.4 

. 7. 4 

27--. 

4.4 

6.S 

5. 0 

4.9 

6.5 

7.3 




Diastatic action. — There is no reduction of starch. On starch-agar plates 
streaked with the organism and tested at 5, 9, 12, and 16 days, respectively, there 
was no clear zone in the medium. 

Ammonia PRODUCTION.- — The organism produces ammonia. Tests were made 
with old and young beef agar, beef bouillon, and peptone-water cultures, using 

fi SooiKTY OF American Bacteriologists, Committee on Bacteriological Technique, manual op 
METHODS FOR PURE CULTURE STUDY OF BACTERIA. ISOpp-j illUS. Geneva, N.Y. 1930, 
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filter paper saturated in Nessler’s solutioii and suspended in llu‘ 1 u1h\s. VVimn 
the cultures were heated in a water-bath, browning of tluj pap(‘r b(‘^a,n ioinie- 
diately. In cultures 2 weeks old the brown color was niiH^h more' pronouncaai 
than m the 3- and 5-day cultures. 

Hydbogbn sulphide prodxtction. — T he organism may i)roduc(^ a ira,(*<‘ of 
hydrogen sulphide. Agar, beef-bouillon, and potato-cylinder (*ultin*(‘s \v(‘re 
tested bv susi)ending lead acetate paper in the culture tiil)es. When tlu' IxM'f- 
bouillon* culturcLs weni 8 da,ysu;)ld there was sliglit darkening at the tip luids of 
the paper, indicating hydrogen sulphide production,- there was slightly inor(‘ 
darkening of the paper when cultures were 2 weeks old. Iduvre was no darken- 
ing of tlie paper in tlie other cultures. 

The organism was tlien grown on lead acetate agar. A \mivy yellow growth 
occurred on the red agar, but there was no dark line or an>’ lirowuiing indicating 
the presence of hydrogen sulphide. A second and third test with the lead acetate 
agar was made wiiich likewdse showed no liydrogen sulphide [xroduction. 

Toleration of sodium chloride. — The organism grows in pJI 6.5 IxHif- 
infiision bouillon containing 6, 7, 8, or 9 percent of sodium eliloride. There is no 
growth in beef bouillon containing 10 percent of sodium eliloride. 

Oxygen relations. — -The organism is a facultative anaerobe. In t(‘sts made 
with shake cultures of agar and gelatin, tiny clumplike colonies grew tliroughout 
the medium. When long sterile cover glasses were dropped on Inu-dcuu'd agai* 
plates streaked with the organism, growth was more abundant at the <‘dg(‘s of 
the cover glass, but it extended inside the edges, showing the' anjuu'obic* tcn(k‘nci(‘s. 
In agar and gelatin stab cultures it grew at once at the bottom of the* tulx*, and 
in synthetic-dextrose-indicator-agar shake cultures, the purfile color of t,lie nu'dium 
was changed to red at the bottom of the tube as (piickly as at- tlie surface of 
the medium. 

Thermal relations. — The organism grows at temperatures ranging from 5® 
to 40° C. The optimum temperature is about 34°; it does not grow at 0° nor at 
42° and only faintly at 5° and 40°. 

The thermal death point is between 52° and 53° C., wlien fresh lieiif-bouillon 
cultures, pH 7.0, are exposed in a water bath for 10 minutes. 

Growth in beef bouillon. — The best growth in peptone-beef-iiifiision 
bouillon takes place at pH 6.5 'To 6.7, although the organism has a wide range, 
extending from pH 5.1 to 9. There is no growth at pH 4.9 or 9.1. At pH 5.1 
there is only a faint growth; at pH 9 there is a fair amount of clouding with 
pellicle. 

Effect of DEsiccATioN.—The organism is only sliglitly resistant to drying. 
Sterile cover glasses smeared with, young beef-bouillon cultures and dried at room 
temperatures (24° to 27° C.) were dead in 5 days. 

Effect of freezing.- — The organism can witlistand freezing t,(*mp(*i‘atures 
for more than 45 days. Immediately after being transferred, be(‘f-agar and lieef- 

bouillon cultures were placed at temperatures of -*21.7° to --23.9° G. Some 

were removed after 7, 9, 12, and 45 days. All showed ty})ical growth within 1 
day after the medium melted. 

Longevity.— The organism lives for 7 to S months in si.i'rih* milk and l)eef 
bouillon, pH 6.8, at room temperature of 22° to 30° C., wh(‘r(‘as it dies on beef 
agar slants, in Cohifis, Fermi’s, and Uschinsky’s solutions, aftm* 4 niontlis at tlx* 
same temperatures. Sterile-milk and beef-liouillon culturi's kc'pt at 14° are alivcj 
after 11 months - 

Virulence. — The organism remains virulent for ,mo!'(* than a y(*ar. Fift(‘(*n 
months after isolating, transfers descended from the original isolation, in(‘lu(ling 
a emooth and rough colony, were inoculated into GyyHophila paniculala plant.s. 
In 7 days the galls were forming and continued to grow rapidly. 

Ghromogenesis.— On beef agar the color of this organism is at first a lighi. cr(*u.in 
that changes to a Naples yellow in a few days. It is much th(^ sanu*. in otlnn- 
solid media. Later the color may be mustard yellow or priniulitu^ yellow. 

MORPHOLOGY 

Growm on beef-infusion agar, the gall organism is a 

short rod with rounded ends growing singly, in pairs, and occ^isionally 
in chains of four to several elements; in rare cases there have been 
more than 25. Grown on beef agar for 1 day and stained with (uirbol 
fuchsin, the size is 0.5m to 1,2m long by 0,3m to ().8m wide. Gi'own 
on the same medium for 2 days and stained with gentian violet, the. 
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size is OAy to 1.03jU long by 0.2/z to 0.62m wide. The organism is 
motile on beef agar and in beef bouillon and its motility was dem- 
onstrated by staining with Casares-Gil flagella stain. There are 
several flagella, all bipolar. Capsules are formed, as was shown by 
staining young beef agar cultures with Ribbert^s capsule stain. The 
tests for endospores showed none. 

STAINING RELATIONS 

The organism stains well with gentian violet and carbol fiichsiii. 
It is not acid-fast and is Gram-negative. (Hucker^s modification of 
Gram was used.) 

TECHNICAL DESCRIPTION 
Bacterium gypsophilae, sp. nov. 

A motile rod 0.4m to 1.2jjl long and 0.2^ to 0.8m wide, with several bipolar 
flagella; capsules present, no spores; Gram-negative, not acid-fast; colonies on 
beef-infusion agar are circular, either smooth or rough, yellow, biityrous; clouds 
beef-infusion bouillon heavily in 18 hours; liquefies gelatin slowly, but not blood 
serum; is facultative anaerobic; coagulates milk; reduces litmus in 9 to 12 days; 
grows well in IJschinsky’s and Fermi’s solutions and iinusually well in Cohn’s 
solution; reduces nitrates; produces ammonia and a trace of hydrogen sulphide 
but no indol; no diastatic action; survives cover-glass drying only 4 days; acid 
without gas produced with saccharose, dextrose, maltose, mannite, but not 
lactose, and only a slight amount with glycerin; the optimum temperature for 
growth is over 30° C., the maximum is 40°, the minimum is 5°; thermal death 
point is between 52° and 53°; optimum reaction for growth is from jiH 6.5 to 6.7, 
limits of growth from pH 5.1 to 9.0; in beef bouillon and in sterile milk lives 8 
months at 22° to 28°, over 11 months at 14°; stains readily with carbol fuchsin 
and gentian violet; pathogenic to Gypsophila paniculata and* some of its relatives, 
producing galls on the crown and root, and cankers on the stem. 

COMPARISON WITH BACTERIUM BETICOLA 

Because of certain points of resemblance between Bacterium 
gypsophilae and Bact. beticola and the lesions caused by them, a study 
of certain cultural, physiologic, and morphologic characters of these 
organisms was made. A comparison of these characters is sliown 
in table 2. 

NATURAL INFECTION AND CONTROL 

The GypsopIdlagnR organism is selective in its host plants, as only 
related plants have been found susceptible to it; liowever, tliere are 
also related plants winch are not susceptible. The limitation of tliis 
gall-forming ability differs from that of tlie crown-gall organism, 
w^hich pro(luces galls on many unrelated plants. The hosts suscep- 
tible to the Gy psoph/ila gn\l organism are Lyeh7ds chak (fig. 3, 

F)Gl)m'tithus plumarius L. (fig. 3, J9), Silene armeria Jj. (fig, 3, B), 
and Sapona/ria vaccaria L., which is the weed soapwort (fig. 2, E\md 
F). This last relative seems to be more susceptible to the organism 
tixm Gypsophila paniculata itself, for infection begins in 3 to 4 days 
after inoculation and galls are formed very rapidly. It iiiay be^ that 
this weed is the natural host oi tiie Oypsophila gall and it 

would be advisable not to allow it to grow in the neighborhood of 
Gypsophila plants. Another relative, ocymoides s'plendens 

Hurt., is slow to beenme infectedy as the galls did not begin to for‘jn. 
on young plants until nearly 3 weeks after inoculation. Tlu^. relatives, 
Gemstiurn tome/ntoswm Tunica sazifraga Scop., Spergnla pii/Jera 
DG., iDianthus barhatm L., which is the common sweet-william 
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(%. 3,, B)^ an.d the greenhouse carnations are not susceptible. It is 
an interesting fact that the carnation is not infected by the G)jpso])hila 
gall organism, lor Bacterium tuviejaclens produces galls thereon cj iiite 
readily, and occasionally natural Bad. tumejaeiens galls are found on 
it. To be quite certain that carnation plants could not be infectet! 
by the Gypsophila gall organism, inoculations made at (IdFereni, 
times of the year and in different growing stages of the |)lant. Otluu* 
hosts that did not prove susceptible are sugar I)eet, t()l)a(‘co (Niro- 
tiana tahacnm L.), Ricinus commuaiis L., Paris daisy, ftnpaiietis 
balsamina, tomato, geranium, rose {Rosa L.), Bryophyllu/rn pinnatum, 
Kurz, nasturtium, and two monocotyledons, amaryllis {Arnaryllis L.) 
and. calla {Zantedeschia aethiojnca (L.) Spreng.). As stated previously 
decided swellings but no galls formed on the potato stem. 


Tabx^b 2. — Comparative cultural, physiologic, and 'morphologic characters 
Bacteriwm gypsophilae and Bad. heticola 


Character compared 


Bacteriim gypsophilae 


Bacterium bvticoUi 


Colonies in beef-agar plates 


Circular; none irregular; butyrous; 
white first day; deep cream to 
yellow, 4 to 8 min in diameter, in 
4 days. 


Circular; some irregular; viscid; 
bnfl'-colored firsl, day; y(dlow. 4 
to f> nnn in diameter, in 4 days. 


Colin’s solution..- 

Liquefaction of gelatin stabs. 

Hydrogen sulphide produc- 
tion. 

Indol production 

Reduction of nitrates 

Reduction of litmus milk 


Gas production..... 

Acid produced with de.xtrose, 
saccharose, glycerin, and 
inannite. 

Acid produced with lactose. ~ 

Ammonia production 

Diastatic action. 

Relation to oxygen 

Relation to acid and alkali. . . 
Temperature relations 


Survives cover-glass drying 

Color. 

.Size- 

Gram negative or positive 
Pathogenicity _ 


j Rapid, heavy growth 

Begins after ao days; complete after 
4 months. 

A trace to none . . 

None. 

N itrates reduced 

Complete in 9 to 10 days; milk co- 
agulated in 8 to 9 days. 

None... 

Acidity produced 


None 

Ammonia produced . h . 

None 

Facultative anaerobic. 

pH range 5.1 to 9.0.. 

Grows from 5® to 40® C; optimum, 
about 84®; thermal death point, 
52®to5;C. 

4 days, - ... 

Ranges from white to vellow^ 

0.4ju to 1.2 m long; 0.2 m to 0.8 m wide ... 

Negative 

Produces galls on OypsnphiKt panP 
cutata but not on sugar beets. 


No growth. 

Begins after 7 to s days; complete 
in 20 to 80 days. 

Rapid and good iiroduction. 

None. 

Nitrates reduced. 

Complete in 20 to 80 days; milk 
coagulated in 10 to 20 days. 

None. 

Acidity produced. 


None. 

Ammonia produced. 

Staridi reduced. 

Aerobic. 

pH range 4.8 to 9.1. 

Grows from 1,5° to 89° C,; ojiti- 
rnum, about, 29®; tfiermal rleath 
IioinI,, 51® to 52®. 

7 days. 

Ranges from btilf to yellow, 

O.IIm to 2 m long; 0.4m to 0.8m wide. 
Variable. 

Produces galls on sugar beets but 
not on Oypsaplula paniculnta, 


The Gypsophila gtxll organism produces cankers on stems of Gyp- 
sophila panicukita, fair-sized cankei's forming in less than 1 month 
after inoculation, large ones in 3 months (fig. 4, B). On lyi/chnis 
chalcedomca stems the infection is of the typical gall type. lAickms 
crowns inoculated in November in the greenhouse developed' galls, 
which^rotted away during the winter. In the spring, when growth 
started^new galls formed which became larger than the original 
viu occurred with inoculated (?. paniculata plants also, 
mthoiigh the galls were not so soft and did not disintegrate so easily, 
i lie organmi, like other organisms that produce galls, is a woiuul 
parasite, this one getting into the plant the soil through, im- 
per ect grafting or through cultivation wounds. The disease occuirs 
on lands that have been manured and on those that have not. 

nf ^ produces the dcatlv 

of some of the stems, and if the girdling is complete the death of 



June 15, 1934 Gall Produced on Gypsophila by a New Bactermm 1111 


the entire plant follows. A small gall which has not caused any 
apparent trouble to the plant may be a decided menace to others 
later. The method ^ used for propagating Gypsophila. plants is to 
graft a desirable variety on seedling roots. If this variety is galled 
the organism is carried over to the young seedling roots and galls 
develop. Because of the sensitiveness of the gall organism, to weak 
solutions of mercuric chloride, control measures can be carried on 
at til e time of grafting to reduce the amount of disease occurring in 
the field. The roots should be dipped in a 1 : 1,000 mercuric chloride 
solution for II 2 to 2 minutes to kill the Gypsophila gdil bacteria that 
may be on the surface; then with a disinfected knife a well-matched 
graft should be made and bound with nursery tape. 

The sensitiveness of the oi'ganism to weak solutions of mercuric 
chloride was tested out by the poured-plate method. A fresh beef- 
bouillon transfer was exposed to 1 cc of a 1 : 1,000 solution of mercuric 
chloride for various lengths of time and then plates were poured, 
carrying over a loop of the exposed culture to each agar plate. No 
Gypsophila gall colonies appeared on the plates exposed over !]{ 
minutes to the mercuric chloride solution. Gy psophila paniculata 

plants are not very sensitive to a 1 : 1,000 solution of mercuric chloride 
they can be treated with it to kill the gall organisms that may be 
present on the surface. Twenty-five seedling plants 3 to 6 inches 
tall were soaked in the solution for 1^2 minutes, 25 for 3 ininiites, 25 
for 5 minutes, and 25 for 10 minutes. There was no appreciable 
injury to the plants from this treatment, even in the lO-ininute lot. 

In phtnting out seedlings and grafted plants, in weeding them and 
in loosening the soil about them during the summer, care should be 
taken to avoid wounding, for the organism^ may be present in the 
soil and may enter the plant through some tiny wound. 

SUMMARY 

An outbreak of an infectious gall disease occurred in 1932 in an 
ornamental-plant nursery in the eastern part of the United States. 
Tlie galls were on the crown and roots of Gypsophila paniculata. 
They wore soft and nodular; some were fiat and spreading, others 
globular. 

The Gypsophila galls when developing do not have the fissures or 
pockets that occur in developing galls of pocket disease of sugar beets 
and in tliose of olive knot. Grow*th of the galls is fiivored, by hot 
moist weather, whicli also favors the disintegration of the old galls, 
releasing niore organisms into the soil. Imperfect grafting and 
cultivation wounds allow entrance of the pathogme mto susceptible 
tissue. Galls weaken the plants, producing defoliation and death of 
stems and, where girdling is severe, death of the plants. 

An orgaiiism, which could be seen readily in sound gall tissue 
under the microscope, was isolated from the outgrowths and produced 
galls when inoculated into healthy plants of Gypsophila paniculata. 

Galls were also produced by inoculation on several species related 
to Gypsoph/Hay but the organism did not produce galls on the siigar 
' beety which is the host of the pocket.- disease, nor.on such common 
hosts ml .the crown-gall nrganism -as:.the Paris daisy, or- 

geranium.' 
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For tlie patliogeiie, which is a yellow, pola.r-llagelhs.te organism 
appaimitly ' iinli.ke any other .known gall-producing o!‘gnnisni, the 
name Bacterium, gyj)sophilae is proposed. A description of it.s <‘ultura.i, 
physiologic, , and morpliologic characters is given. 

A comparison has been made between the new gjxll^ o,rga.nisiii and 
Bacterium beticola, the oiganism causing the pocket disease of sugar 
beets. 

A study has been made of conditions governing th(^ natural occur- 
rence of infection, and methods of controlling i,lu> diseases are sug- 
gested. 



EXPERIMENTS ON IAROVIZING CORN ‘ 


By George F. Sprague 

Assisfxint agrorionitsl, Division of Cereal Crops and Diseases, Bureau of Plant 
^ Industry, United States Department of Agriculture - 

INTRODUCTION 

The inetliods of iarovization advocated by the Russian workers fall 
into two distinct groups: The low- and the high-temperature treat- 
ments. The low-temperature treatments have been known for a 
long time and are well established experimentally, as is evidenced by 
the work of Klippart {S, p. 757)^ Lysenko (4), McKinney and Sando 
(d), and others. The high-temperature treatments are less well 
established. They have been advocated as a very effective agent 
in the hastening of sexual maturity in the short-day plants. If the 
results reported by the Russians are universally confirmed, the process 
of iarovization might be expected to play a very important role in 
certain temperate regions. Iarovization of corn in the United States, 
however, even if eft’ective, does not appear to offer any great commer- 
cial possibilities. On the other hand, it might have considerable 
value in certain physiologic and genetic experiments. 

THE PROCESS OP IAROVIZATION 

Originally the term ^harovization^^ (vernalization) was applied only 
to the low-temperature treatment of winter wheat to induce jointing 
and hasten sexual maturity. At the present time the term is gen- 
erally applied to any treatment having as its object the hastening of 
sexual maturity. 

The requirements for different crops differ in the duration of the 
treatment, the temperature, and the moisture content of the seeds. 
A summary table is presented by McKinney and Sando (7) listing the 
requirements for a few crops. All of the high-temperature treat- 
ments, according to the Russian workers, must take place in darkness. 


MATERIALS AND METHODS 


The experiments reported in this paper were conducted at the 
Arlington Experiraent Farm, Rosslyn, Va., in 1933. Eight hybrids, 
9 inbreds, and 1 variety of corn and 1 strain of teosinte were included. 
The variety of corn used was Gaspe, one of the earliest known. The 
hybrids and 7 of the inbreds are adapted to Corn Belt conditions. Of 
the remaining inbreds one is a derivative of the Garrick variety 
which is adapted to the South, and the other is a type called ^^Cuz- 
coid ” because of its resemblance to the varieties from Cuzco, Peru. 
This last is a simple Mendelian recessive and in the segregating prog- 

1 Received for publication Apr. 16, 1934; issued July 1934. 

2 The writer acknowledges his indebtedness to H. H. McKinney and W. J . Sando for the use of tempera- 
ture-control facilities and greenhouse space and for helpful suggestions during the progress of these 
investigations. 

a Reference is made by number (italic) to Uiterature Cited, p. 1120. 
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enies so fax tested has required ^aboiit^ twice as long to rem‘h tlie 
reproductive stage as its normal sibs, Sexiuxl maiuirity in this strain 
has not been liastened by exposure to a lO-lioiir da,y. 

A furtlier indication of the range of season l•(q)l'esente(! by tiu^ in- 
breds in this test may be obtained from the rollowing compaiisou. 
The earliest strain, 616, slied pollen (>() days after planting, ^ ( 'uzcoid, 
the latest strain, was kiried l>y frost October 2(), KiO days afhu' plant- 
ing, when less than one-tenth of the j)lants had lass(6(Mi. A(. this 
time it had an a verage of 38 nodes per phmt. 

All of the seed used was soaked in a. 0. 5-percent solution of LJs|)iilun 
for 2 hours a,iid tlien rinsed. They were tlien soaked for 9 liours in. a, 
weak salt solution of about the same molecular concentrjition as tap 
water and were then dried to approximately the moisture content 
(30 percent) recommended. This metliod was found to result in 
much more uniform germination than adding stated qiiantities of 
water as recommended by Lysenko (4-)r One (‘om{)Iete set of tlie 
samples was then placed in light-proof bottles in a, (H)nstant-tempera- 
tiire chaniber and held at 75^^ F. for 14 days. Dupli(*ates of some of 
the samples were subjected to the same temperatun^ conditions, but 
exposed to the normal day or to continuous light (normal day plus 
artificial illumination), due lot was lield at a, t(un[)era,ture of 38^ F. 
for the same period. At the end of the ll-day pei‘iod all of tlu^ 
samples 'were planted in the field. In those samph^s in which ger- 
mination had progressed the farthest the radicles were approxiriiately 
5 to 8 mm and the pliimules 5 mm long. .Molds, par ticuhiri^ Pent- 
cillium..j occurred in some seed lots, but no visil)ly infected seeds were 
planted. 

The ia,rovized material was hill-cliecked in some cases in (X>iirparisor^ 
with sprouted seed, and in other cases with, dry seed of tlie same sort* 
In some instances, the difference due to tiie sliglit liastening of emer- 
gence because of the sprouted condition of the iarovized seed per- 
sisted and wuis reflect, ed in a slightly earlier t,asseling and silking 
(table 2, items 3 and 6). This should not be a serious source of error 
in experiments of this kind, as a slight advantjige from tliis cause 
would be insignificant as compared with, the marlved a.<‘celeration 
which inust result from iarovizadion if tlie metliod is to be conimer- 
cially practical. 

Dates of germination, pollen shedding, and silking w(U‘e reccirded 
for the plants in all perfect hills. In addition, periamtagc' of gerniina- 
tion, number of nodes, plant heights, and phmt yields wi'.re obtaimul 
in most cases. All of the data reported are based on (‘onqiarisons 
between plants of the same strain growing in the same lull. 

EXPERIMENTAL RESULTS 

The effect of the treatments on field germinatiou and on emergence 
of the inbreds is shown in tabl^ In every case iaroviza.tion r-r^-sulted 
in a marked reduction in geimination and in 13 of the 1 4 cusoh delayed 
emergence. The gernxination of the iarovized seed was so poor and 
seedling mortality following germination so great tha.t no a,de(pia4e 
data on maturity are avoidable. For the tliree strains A, 324, and 
540, wliicli had the highest germination percentage and for wiiidi 
meager data are available, there was no indicalion of a, luisteruHl 
maturity following the treatments. 
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Table 1.- — Ef eels of iarovizaiion on field germination and emergence in 14 inbred 

strains of corn 




Germination 

Mean dif- 





ference 





between 

Inbred y train no. 

Condition of cheek 



iarovized 
and cheek 



Iarovized 

Check 

seed lots 





in time to 





emergence* 



Percent 

Percent 

Daiis 

616-..- 

Sprouted 

35. 0 

97.5 

1.4 

A., 

do-- 

70. 0 

97.5 

1.3 

324 .. , . . 

-—--do - - 

75.0 

lOO. 0 

.9 

420 . - . ... 

do-_ - 

55.0 

95. 0 

2.0 

420'-. 

do 

32. 5 

97. 5 

1.7 

420<\.. 

do- - 

7.5 

97.5 

2.5 

401 ..... .... . 

do- — - 

22. 5 

97. 5 

1.8 

401 

do - ■ 

25.0 

95. 0 

1.7 

401 « 

do 

40.0 

100. 0 

2.0 

401 

Ory- 

20. 0 

97. 5 

1. 7 

540. 

Sprouted 

80. 0 

97. 5 

.3 

llO-ll-T) 

--—.do 

22. 5 

92. 5 

2.0 

207-37-. . 

do - - 

35.’ 0 

72. 5 

-.4 

f'uzeoid 

do .... 

54.0 

si! 0 

+. 5 


" Positive dilTerences indicate the iarovized lot emerged later than the check. In the column headed 
emergence a positive dllTerence indicates tliat the iarovized lot required more daywS to emerge than the 
control. 

>> Iarovized in liglit (day only). 

<■ Iarovized in light (continuous). 

Witli tlie more A/igoroiis material, whicli includes tlie hybrids and 
the variety Gaspe, tlxere was a slight but consistent reduction in 
germination as a result of iarovization, as shown in table 2. The time 
required for germination shows no consistent differences resulting 
from the treatments. Only three of the mean difl’erences are signifi- 
cant. In two of these, iarovization appears to have lia,d an accelerating 
effect, but in both the check seed was dry and iingerminated. In one 
instance there is a significant retardation. In this paper, differences 
have been considered statistically significant when P is 0.02 or less. 
Such differences are italicized in table 2. 

In S of the 15 comparisons,^ plants from iarovized seed shed pollen 
siguifi(‘xmtly before tlie checks^ but in only 5 cases was tlxere a signifi- 
(‘ant dilfcrenci'. in silking. This is in accord with general observations 
iliat jiolhm sluMldingis influenced to a greater extent by environixient 
than is silking. There is a fairly high positive correlation lie tween 
tlxe (lays re(|uirtHl for eniergeiice and for pollen slieddiiig. wSnbstan- 
tially the sanu'. degree of correlation exists in both the iarovized 
and control lots. It should perhaps be emphasized that while in 
several cases hastening of sexual maturity is statistically significant, 
in no case is the accafferation of any significance agronomically. 

The nuuxbers of ixodes visible at maturity were fewer in the plants 
fronx iarovized seed in all of tlxe 11 comparisons involving iarovized 
p, noniarovized seed and of which counts were made. Only 7 of the 11 
differences are statistically significant, but 11 deviations of like sign 
would be expected only once in 2,048 trials as a result of sampling 
(M'ror aloiH^ Counting nodes visible at maturity is not satisfactory 
where tlu'. absolute number is waixted. In the present cuse, however, 
th('. inteia^st lies in the relative differenc-e between paired plants of 
successive' hills, and tlie visible number of nodes is just as satisfactory 
a basis for comparison as the absolute number. 

t A 
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Table 2.— The effects of iarovization on various agronomic characters in S hj/hrids 
and 1 variety of corn 


[DittGrences for which Pis less than 0.02 are italicized] 


Hybrid or variety 

Condition of 
check 

Field gerini- 
luitiou 

Mean di0‘erenc(‘S helwc^cui iarovized 
plant ini’S in " 

a!id (‘oidrol 

Time lo 

Nodes 

FlanI 

luvight 

Kars 

'Weight 

of 

shelkMl 

grain 

[ler 

[dant 

Iaro- 

vized 

Check 

Einer- 

genee 

I’olleM 

shed- 

ding 

Silk- 

ing 



PcL 

PcL 

Days 

Days 

Days 

A'o. 

Inches 


Grams 

AX325---- 

Sprouted 

87.5 

95. 0 

0.8 

-0. 7 

0. .3 

-1.9 

—9 

-0. 1 

-14.8 

AX 164 

Dry 

95. 0 

100.0 

-.4 

—fl 0 

— 1.9 

-/. .S’ 

-7 

.0 

-48. 8 

AX164 K.... 

do 

100. 0 

100. 0 

-i.o 

-1.7 

-1.6 

-.3 

-9 

1 

-18.7 

AX 164--. 1 

Sprouted-.. 

92.5 

1,00.0 

.0 

-to 

-l.<2 

-1.6 


1 

-44. ti 

420X164. - . 

Drv 

72.5 

95. 0 

.0 

-.6 

-.4 

-1. 1 

-4 

™.6 

-Jfl.U 

420X164 '' 

do - 

9.5.0 

97. 5 

-1,0 

-i.l 

-LH 

-.3 

-3 

1 

-8. 9 

420X164 

Sprouted 

85. 0 

87.5 

.6 

, .6 

. 7 

-1.0 

-3 

'-,3 

-28, 1 

420X4-8-... 

-do - 

97. 5 

100.0 

.0 

-1.0 

5 

■~/.2 

-3 

.0 

-m. 0 

325X420- -- 

'.do.. 

100. 0 

100. 0 

1 

-1.7 

- . 9 

™. S 


,0 

-so. 1 

325X420 

do-.... 

95. 0 

100. 0 

.0 

-t7 

-1.9 

-1.0 


. (I 

-1,9 

540X164-. 

do............ 

95. 0 

100. 0 

,6 

.1 

.2 

-.8 

-4 

1 

“23. 

LX317 

do 

97. 5 

100. 0 

“.5 

-1.6 

-l.O 

■—.7 

-3 

.0 

-10. 3 

31 7X461. 

do.. 

100.0 

97. 5 

.4 

-.3 

— ^ 2 

7 

1 

-.3 

-23.7 

UasiX‘, 

do. - 

95, 0 

1 (K). 0 

A 5 

. 7 

,f5 





Do.'' 

do--.. 

95. 0 

97.5 

.6 

-.3 

— K 






« Positive difTereiiee indicates iarovized lot exceeds check. 

Sprouted, not iarovized. 

« Iarovized, continuous light. 

‘iarovized at 38° P. 

There appears to be no consistent relationship between the reduction 
in number of nodes and plant height as a result of the treatment. In 
some strains the iarovized plants exhibit a significant reduction in 
number of nodes and yet are not significantly sliorter tlian their 
controls. 

Where any differences exist in number of ears, the iarovized ina.teria.l 
always has the lower number. None of the differen(‘es, however, is 
significant. 

All of the iarovized inaterial exhibits a reduced yield of shelled 
grain per plant, only five of the comparisons, howcw'er, being sig- 
nificant. The reductions in yield indicated in (-able 2 as Ixung sig- 
nificant represent a reduction of approximately 15 to 20 p(u*(‘(mt. It 
is wortliy of mention that the comparison exhibiting the least roduc- 
tion in yield was significantly earlier in pollen sliedding and silking 
than its controls and was iarovized under coi\tinuous liglit.. 

In the variety Gaspe iarovization at 75*^ F, or at 28*^ F. for a, 14-day 
period was ineffective in hastening sexual maturity. 

DARKNESS REQUIREMENT 

According to the theory advanced by Lysenko (^), short-day plants 
require light for processes of growth and the absence of light (dark- 
ness) for the initiation of reproduction. The necessary" darkness 
may be supplied continuously during the early stages of the [)larh/s 
development or as periods alternating with light, as in day and 
night, during a greater portion of the plant's development. larovi- 
zation carried on in the dark is presumed to be effective, in thevea^ 
of short-day plants, .because it -.satisfies the plant's requirement ' for 
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darkiiess. Witli this I'eqiiirenient satisfied, the pla/nts are a.ble to 
benefit from the long days, and hastened sexual maturity results. 

The theory of a darkness requirenierdd' for the initiation of 
reproduction in corn, at least for some varieties of the temperate 
regions, is not in agreement with several facts. Corn has been 
grown in the greenhouse at the Arlington Farm during two wintei^s 
imder continuous illumination (normal day plus artificial illumina- 
tion) without any material delay in the onset of flowering or maturity. 
In the winter of 1932-“33 four inbred strains representing a consider- 
able portion of the seasonal range of Corn Belt varieties were grown 
under continuous illumination from the dry seed to maturity. The 
plants were perfectly normal in their vegetative development and 
seasonal maturity. 

As a further test for the necessity of a dark period, the same 
strains of corn were grown during the summer, one set of plants 
being exposed to the normal day, and a second set to continuous 
illumination (normal day plus artificial illumination). The results 
are presented in table 3. 

Table Effect of day length on sexual maturity in 4 inbred strains of corn 


Inbred strain no. 

Period from planting till pollen 
shedding when grown with a day 
length of— 


12 hours 

16 hours 

24 hours 

510 1 

Days 

Days 

52 

Days 

(SO 

A ■--- 


55 

62 

(SI 

228-4-^8 ^ 

<)1 

(SO 

401 ■ ' - 

(SO 

(S(S 





Continuous illumination resulted in approximately a week’s delay 
in pollen shedding. For the one strain grown also with a r2-hour 
day, there was no significant difference in eaiiiness between the 
12-hour and 16-hour pliotoperiods. 

The classification of corn as a short-day plant does not appear to 
be based on adequate experimental evidence. It is true that the 
work of Garner and Allard (-^), Emerson (I), and McClelland (5) 
has shown that some varieties respond to a short day (10 to 12 hours 
of light). However, all of the varieties used by these investigators 
were tropical or semitropical sorts naturally adapted to short-day 
conditions. Varieties wliich are adapted to Corn Belt or more north- 
ern conditions and which normally bloom during a long day (15 to 
18 hours of daylight) have not been adequately studied. In three 
strains grown in the greenhouse, augmenting the winter day (11 to 
13 hours) by artificial illumination for 4.5 or 8.5 hours has not re- 
sulted in a significantly delayed sexual maturity. 

Teosinte has been shown by Emerson {1) to respond to a short day. 
It was thought that a comparison of the effectiveness of darkness 
supplied to this plant during the iarovization process and as a 
daily photoperiod would be instructive. Three lots of teosinte were 
planted May 19, one of them having been iarovized. The iarovized 
jot, and one of the others were exposed to the natural day. .There 
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was no significant (liiTcroncc in s(>xual nnitnrity of tlH'S(' (wo lots, 
both showing tassels September 16 and shedding |)ollen October 
The second noniarovized lot was exposed to a 16-«hour day. It 
sliowed tassels June 6 and shed pollen June H), luiving been ex|)osed 
to fcnver hours of darkness (J28) during this period tlian had tlic 
iaroN'ized lot (336 liours) during the period of iai'ovizal ion. !l, scauns 
clear from this tliat length of day is inuch more iinportant. in d(dnrmin- 

ing the ( inu‘. of S(rKual 
niai urity than is any 
clarkiiessrecjiiiia'ni 
tha t teosinte in a y 
possess (tig. 1). 

Me Kinney and 
San do (8) liave shown 
tliat after tlie ia,royi- 
zivtion treatment tlie 
attainment of sexii al 
matinity in winter 
wluMit is greatly intlu- 
en(‘ed by dny length. 
To d e ti vr 1 1 1 i 1 1 e w 1 1 e t li - 
e^i’ a similar (‘ondition 
exists in short-day 
(‘rojis, a se(‘ond set of 
matei'iid, (‘om m on 
millet and tlie (‘(irn 
hylnid A X164, were 
iamvizcal at 80° F. at 
t he nioisture con tents 
and for tlie iieriods 
rec( 111 1 in e n d ed , one 1 0 1 
of seed of (aicli cro|) 
in (‘ontinuous dark- 
ness i:iiui a du])Iica,te 
lot in(M)Titinii()Usliglit 
(normal day filus ar- 
tilicial illumination ). 
Following iaroviza- 
tion, the various lots, 
including dry and 
geriniriated (,‘liech'S, 
'were gt‘own in 'pots 
■under 16-liou;r and 
a. 24-hour day. 

The treatment given the millet was ineifectivo in hast(ming sexual 
maturity under either light treatment. The corn ])1 anta receiving the 
16-liour day responded approximately as they had done in (tie field. 
For the plants grown under continuous illumination, ia,roviza,t.ion with 
coiitimious light was superior to iarovization with continuous da,rknoss 
in promoting early flowmring, and both lots from iarovized seed were 
earlier than those from either the germinated or dry (*hecks. ddie 
results are presented in table 4. There is nothing iu'the results ob- 
tained in thesecexperiments with corn and teosinte to lend sii})i)()r( to 
the Garkness-requirenient theory of Lysenk^ 



Figure 1.— Hesponse of teosinte to darkness. The plant on the rinht 
was exposed to darkness for a Udiour period daily. The one on 
the left w^as exposed to darkness continuonsly for 14 days followed 
by exposure to darkness for an 8- to 9-hour period daily. Photo- 
graphed June 19, 31 days after planting. 
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Table 4. ^-Influence of day length on the altai/nment of sexual niaiurity corn 


I'hoioperiod (hoursl 


K) 
34 . 


Period reiiuired lonKnin se\ua! iiiMtijrii.s under 
indi<‘nted trent tnents 


larov ized 


Contiiuioiis 

dark 

Continuous 

light 

Germinated 

Dry 

Dayfi 

Days 

Days 

Days 

04 

01 

05 

07 

76 

71 

80 

1 81 


('oTiirol 


DISCUSSION 


The iarovization of certain corn hybrids resulted in a statistically 
significant hastening of sexual maturity. The difference, however, 
was so slight as to be of no importance agronomically. The general 
reduction in germination and vigor associated with the iarovization 
treatment appears to be a serious limitation of the method . In this 
respect these results depart rather drastically from those reported by 
the Russian investigators. The reason for the failure of agreement 
with their results is not entirely clear. 

The Russians emphasize the fact that vaiieties differ markedly in 
their iarovization requireinents. It is possible that all of the strains 
used in these tests require special conditions during iarovization, 
though this does not seem likely. 

The experiments of McKinney and Sando ( 8 ) and the results re- 
ported here (table 4) are in agreement in indicating that the day length 
following iarovization has an important effect on the reaction. The 
plants in the present studies (tables 1 and 2) were grown under a daily 
photoperiod of approximately 15 hours, and those in the Russian work 
presumably under a longer daily photoperiod. It seems probable that 
at least part of the difference between the results in the two places may 
be ascribed to the day length under which the plants were grown. The 
claims for the necessity of darkness during the iarovization process, 
however, are not substantiated by either the field or greenhouse tests. 

SUMMARY 

Iarovization of corn, as practiced, consistently reduced the per- 
centage of germination. It also resulted in a general reduction iii the 
niimber of visible nodes, in plant height, .number of ears, and weight 
of shelled grain per plant. 

Pollen shedding and silking were significantly accelerated by 
iarovization in some strains but not to an extent to be of any agro- 
nomic importance. 

There was no evidence of a darkness requirement for corn. Several 
strains of corn were grown to maturity under eontinuous light. 
Iarovization in continuous light was just as effective as that in con- 
tinuous darkness. ' 
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THE MICROBIAL DECOMPOSITION OF SUCCESSIVE CUT- 
TINGS OF ALFALFA HAY UNDER AEROBIC CONDITIONS ‘ 

By E. A. Beavens, assistant bacteriologist, and L. H. Jambs, senior bacteriologist ^ 

Chemical and Technological Research^ Bureau of Chemistry and Soils, United 

States Department of Agriculture 

INTRODUCTION 

The present investigation was undertaken to determine whether 
there is any difference in the decomposition of successive cuttings of 
alfalfa hay aerobically fermented by soil micro-organisms. 

A review of the literature gives little information regarding the 
influence of chemical composition on the microbial decomposition of 
successive cuttings of alfalfa hay. 

^ Falck and Haag (I f concluded from their studies that in the niicro- 
biological decomposition of plant materials two distinct processes take 
place, namely, destruction and corrosion. The effect of destruction is 
to decompose the cellulose and pentosans, the lignins being very little 
affected. Corrosion, on the other hand, causes slow decomposition 
of both lignin and cellulose. 

Starkey (5, p'p. 293-294) stated: 

When the decomposition of organic matter is measured by the amount of CO2 
produced, it should be kept in mind that the CO2 is not the only product formed 
from the carbon of the organic matter * * * since various intermediate 

products may be formed * * *. In general, however, the incomplete decom- 

position products of some organisms are further attacked by others and sooner or 
later appear as CO2. * * * The CO2 produced from soils should, tlierefore, 

give a reliable although not an absolute index of the decomposition of organic 
matter. 

Waksman and Tenney (6) found that when a comparison is made 
of the rapidity of decomposition of a plant which has been harvested 
at different stages of growth, different results are obtained. The more 
inature the plant is the less readily does it decompose. Their analysis 
showed that a third of all the constituents of the young rye plant, on 
a dry basis, consisted of water-soluble substances, including consider- 
able quantities of sugars and amino acids. The young plant contained, 
on a dry basis, 2,5 percent of nitrogen, 7.7 of ash, 16.6 of pentosan, 
18. 06 of cellulose, and 9.9 percent of lignin. With the advance in the 
age of the plant, there was a rapid decrease in the nitrogen and in the 
fat and ash content and a gradual increase in the cellulose, pentosan, 
and lignin content. There was considerable decrease in the amount 
of water-soluble constituents. The mature plant (exclusive of the 
grain and roots) contained 0.24 percent of nitrogen, 22.9 percent of 
pentosan, 36.3 percent of cellulose, 19,8 percent of lignin, and 9.9 
percent of water-soluble substances. 

EXPERIMENTAL METHODS 

In order to determine differences in the microbial decomposition of 
successive cuttings of alfalfa hay, two experiments, each in duplicate, 
were conducted. Three cuttings of hay were collected from each of 

1 Received lor xmblication Apr. 16, 1934; issued July 1934. This paper is a joint contribution from the 
Food Research and Chemical Engineering Divisions. 
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the 1931 and 1932 (‘I'ops under similar <‘(>ii<liti()iis !)ut Id'oiu {lilll'rent 
fields. The hay used in tlie experiiuent/ (193 1 (*roj>) was enllectiMl 
From a field on tlie llnited States Department of Agricuflt ur<‘ Plxjxu’i- 
nient Farm at Beltsville, Md., on wliieh heavy manuring and infimsivc' 
cultivation methods were used. The hav used in tlie second (wpcuT 
ment (1932 crof)) was collecd.ed from a privately owmal fic^ld <ui whi(vli 
only ordinary fertilizing and cultivation nudliods w(U‘e used. As 
Vander Spuy^ and Stead ( 4 ) have shown liy a.nalyses of [ilants at vari- 
ous stages of growth that the xiutritive value of lucerne luiy is liigliest 
when the ha^^ is cut at the lO-percent stage of llowei’ing, and also that 
the highest yield of ha}^ is obtained by cutting at this stage of growtli, 
the alfalfa hay for each experiment was collected when most of tlie 
plants were in partial bloom. Each cutting was obtained from tlie 




■ 














r iMURK r “Aeratinp; ai)parutii8 for the (ieterniiiiatiou of csarhoii dio.viilo in fermontifiu nlani luaieriaLs, 
«, soda lime tower; 6, Immidifier; c, fermcutaticm tube; d, Hiilral absorber. 


same area in each tield in order that environ mcuita] growth factors 
would be the same. Immediately after cutting, t he matcuial was sun- 
dried lor several days and then passed through a, grinder. 

_ In the first experiment, two lO-gram samples (cahudated on a 
dry basis) of eaclrof the three cuttings were inocuda ted with siifficient 
soil mfusion to give a total moisture content of 43 percent. In the 
second experiment, two 6.5-gram samples of each cutting were slmi- 
larly prepared. The soil infusion used in each experiment was 
pre^r^Ty mixing 100 grams of soil, obtained from the same area 
m the field Irom which each cutting of hay was obtained, with 150 
water and filtering thro ugh sterile cotton, 
i nenltrate was thoroughly shaken and used as the inoculiim for each 
01 the three cuttings of bay. 

The inoculated hay samples were placed in large test tubes fitted 
with aeration tubes extending to the bottoms, e.omieete<l to jiri nei-iit- 
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Lrig {ip|)Mratiis, and incubated at 30° C. for 30 days. Eacli aei'atiiip; 
apparatus (fig. 1) consisted of a soda, lime tower, a, containing wet 
pieces of sponge for moistening the air before it was passed throiigb 
the hay sample; a fermentation tube, c, containing the li ay sample; 
and a, spiral absorbing tube, d, containing potassium hydroxide 
(i?) to absorb the carbon dioxide produced from tlie fermenting liay. 

Air was passed through the apparatus from a, pressure line con- 
nected to a. large '‘bleeder’^ bottle and then to the soda lime tower. 
The /d)leeder'' bottle was necessary to reduce the pressure and also 
to adjust the air flow at any desired rate. It consisted of a 154iter 
bottle equipped with inlet and outlet tubes and a stopcock through 
w^liich the excess pressure was released. The air flow was regulated 
at such a rate that the gas bubbles passing through the spiral tube 
containing the potassium hydroxide came in contactwith the absorbing 
liquid long enough to allow for complete absorption. This rate of 
flow was found to be 
approximately 2 liters 
of air per hour. De- 
terminations were 
made to check tlie 
efliciency of the soda 
lime towers and spiral 
absorbers. Daily 
titrations of the potas- 
sium hydroxide were 
made, and the quanti- 
ties of carbon dioxide 
evolved from tlie fer- 
menting hay were 
determined and re- 
corded as milligrams 
of carbon. 

Oven-dried samples 
from the three cut- 
tings of the 1931 crop 
wei’c analyzed for the 
im portant chemical 
fra.ctions by the mod- 
ified metlmdof Waks- 
inan and Tenney (7). 
cellulose, and lignin were not directly determined but were recorded 
as the fraction soluble in 2-percent HCl, tlie fraction soluble in 
(SO-percent H2SO4, and. the residue, respectively. At the end of 
tlie fermentation period, the material remaining was dried to constant 
weight at 105° C. From the results obtained by the difference in 
weight before and after fermentation the percentage loss due to micro- 
bial action was determined. The oven-dried material was then 
analyzed as previously mentioned. Each determination was calcu- 
lated on the basis of the original weight of material used, thereby 
showing the actu al percentage loss of each frac ton caused by the 
microbial decomposition. The chemical analyses on both the imfer- 
mented and fermented hays were repeated several times; in', duplicate; 



Figure ‘i.—Total carbon dioxide evolved during the microbial d€HJom- 
Iiosition of three cuttings of alfalfa hay from the 1931 crop. 


Owing to limited facilities, the hemicelluloses, 
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RESULTS 

Besults on tiie total quantities of carbon dioxicb' cvoIvumI duriny; 
the microbial decomposition of three cuttings of alfalfa bay from the 

19d) and 1932 crops 

i7S0f ^ — -—''I •] niv sl\ow!i in figures 2 

jiiul 8. In botli ex|)eri- 
Mieiits(figs. 2 Jincl 8), tiie 
tlrird, c \ i tti;rig sli o wcm;! 
tlie grea test de{a)rii|)o- 
sition, the first eut- 
ting was next in order, 
and the second cutting 
sliowed the least de- 
eoinposition. R(^siilts 
on tiie daily titrations 
of c a r b o n d i o x i d e 
evolved divi'ing the 
inicroliial de<‘orn posi- 
tion of three cuttings 
of alfalfa. lia.y from the 
1981 crop are sliown 
in figure 4. 

It will be noted tlia t 
the greatest variation 
in tlie rate of deconi ])o- 
sition of tlie three cut- 
tings of luiy occurred 
during the first lO to 1 2 
days of the fennenta- 
tion, after which it 
Simihu' results were 



10 15 25 30 

INCUBATION AT 30 ®C. (DAY5J 

Figure ;r~Total ctarbon <lioxi(le evolved during the microbial decom- 
Iiosition of three euttings of alfalfa hay from the 1932 crop. 


gradually decreased to the end of the test 
noted in the second ex- 
periment (1932 crop). 

At the end of the 
first experiment, the 
percentage loss of dry 
matter due to micro- 
bial deeom position 
was 41.3 for the third 
cutting, 39.2 for the 
first, and 35.8 for the 
second. In the second 
experiment, the per- 
centage loss was 43.6 
for the third cutting, 

41.4 for the first, and 
37.3 for the second. 

Chemical analyses 
were made on oven- 
dried samples from the 
three cuttings of hay 
used in the first ex- 
perim ent before and 



10 IS 20 

INCUBATION AT 30 (DAYS) 


FiGURE^4.^naily quantities Of carbon dioxide evolved during the 
microbial decomposition of three cuttings of alfalfa hay from the 1931 

crop. . ■ ■ ■ . . " .■ 


microbial decomposition. The suits 
shown in table 1 were included to give tlie a{)[)roximat(‘ (‘heiuical 
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composition of each^ cutting of hay before fermentation and similar 
da ta after fermentation, showing the percent loss in each of the frac- 
tions, It is noted that in the larger fractions (cold water, 2-percent 
liCl, and 8()-percent H2SO4), altliough the percentages in the original 
hays were approximately tlie same in each cutting, the percentage 
losses after fermentation varied. According to Waksman and Tenney 
(r5), the various fractions were composed of tlie following constituents: 
(ly The ether fraction contained fats and waxes; (2) the cold-water 
fraction contained simple carbohydrates, various amino acids, pep- 
tides, and soluble minerals; (3) the hot-water fraction contained 
starches, pectins, certain hexosans, and various nitrogenous com- 
pounds; (4) the 2-percent HCl fraction contained hemicelluloses and 
protein; (5) the 80-percent H2SO4 fraction contained cellulose and 
protein; and (6) the residue contained lignin, protein, and ash. 

Table 1. — Percentage composition {by fractions containing various constituents) 
of successive cuttings of alfalfa hay from the 1981 crop before and after microbial 
decomposition^ and percentage loss of each fraction 

(On moisture-free basis] 


Cl 10111 i cal fraction 

First cutting 

Second cutting 

Third cutting 

Orig- 

inal 

mate- 

rial 

After 30 days’ 
decomposition 

Orig- 

inal 

mate- 

rial 

After 30 days’ 
decomposition 

Orig- 

inal 

mate- 

rial 

After 30 days’ 
decomposition 

Calcu- 
lated on 
original 
weight 

Loss 

Calcu- 
lated on 
original 
weight 

Loss 

Calcu- 
lated on 
original 
weight 

Loss 

Ether — 

2.0 

1.7 

15. 0 

3.0 

2.7 

10.0 

2.2 

1.7 

22.7 

Cold-water,... 

24.6 

10.3 

68.1 

24.2 

13.7 

43.3 

26.7 

13.2 

50.5 

Hot- water — 

6.1 

3.2 

37.2 

4. 2 

4.0 

4.7 

4, 6 

2.8 

39. 1 

2 percent HCl — . 

28.6 

17.3 

39.5 

29. 2 

15.8 

45.8 

30.3 

17,4 

42. 5 

80 percent H 2 SO 4 

23.3 

15.4 

33.9 

22.2 

14.0 

36.9 

19.4 

9.8 

49.4 

Residue 

14.0 

11.0 

21. 4 

13. 6 

11.9 

12.5 

13.3 

12. 0 

9.7 

Protein, insoluble in cold H 2 O « 

12. 3 

7.3 

40,6 

13. 2 

7.2 

45 . 4 

15. 5 

8.6 

44.5 

Total nitrogen « — — 

2.6 

1.6 

40.0 

3,1 

1.6 

48.3 

3.1 

1.8 

41.9 

Ash <*- 

9.7 

9.7 

0 

9.7 

9.7 

0 

9. 6 

9.6 

0 


'« Analyses carried out on separate samples. 


Determination of the quantity of the individual constituents in 
each fraction was not made. In the larger fractions the variations 
in tlie losses the three cuttings were probably due to differences in 
tlie amounts of easily fermentable substances. 

The types of micro-organisms in the femienting hay greatly in- 
fluenced the decompositions. The ground hay was very porous, 
hence it favored the rapid development of fungi, especially aeti- 
nomycetes, which are capable of rapidly decomposing organic matter. 
Slimy masses of bacteria were also present in the fermenting hay 
although a more compact medium would have favored their develop- 
ment. The microbial decompositions were probably accelerated by 
the high nitrogen content in each cutting. 

SUMMARY 

A study was made of the influence of cheniical compositioii on the 
inierobiar decomposition of successive cuttings of 'alfalfa hay. /'Data 
on the /microbial decomposition of each cutting were obtained by 
measuring the. daily evolution of carbon dioxide/ during a test:. period, 
of 3.0 days, and by chemical analyses before and. after, fermentation. 
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Of the three cuttings of hay tested from the 1931 and 1932 crops^ 
the third cutting underwent the greatest decoinposition, the lirst 
cutting was next in order, and the second cutting showed h^ast. 
decomposition. 

The greatest variation in the rate of decoinposition occiirred during 
the first 10 to 12 days of the fermentations, after which it. gradually 
decreased to the end of the experiment. 
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PRESS FLUID FROM HEATED BEEF MUSCLE ‘ 


Alice M. Child, associate professor of home economics, and Mary Baldelli, 
resea,rch assistant, Minnesota Agricultural Experiment Station 

INTRODUCTION 

Jiiiciness, which is dependent upon the fluid content of niuscle, 
is an iniportant factor in palatability of meat, and quality is closely 
associatiul with palatability. Howe ^ describes juiciness in meat as 
its readily exjiressible liquid. 

A grading chart with descriptive ternis for scoring factors of 
palatability in meat has been developed by the cooking cominittee 
of the cooperative meat investigations committee.^ This chart 
grades quantity of juice in meat as '"very juicy'', ^dnoderately 
juicy", ‘^slightly dry", ^Alry", ^‘ very dry", and 'ALxtremely dry." 
Quality of juice is graded as ^^very rich", ^dich", ^^nioderately 
rich", ^^slightly rich", ^^perceptible", ‘^slightly perceptible." Grad- 
ing the quantity and quality of juice in meat by such a method 
depends upon individual differences and standards of the judge. 
More accurate methods of determining both quantity and quality 
of juice are necessary for scientific experimentation in order that 
data of different investigators may be definitely compared. 

The literature describes no definite method for pressing the fluid 
content from inuscle, and little data can be found dealing with this 
pressed fluid. 

This investigation wuis undertaken to develop a laboratory method 
for pressing out muscle fluid, by which different meat samples might 
be given a relative rating for quantity of press fluid or juice. 

The pur])oses of this study were (i) to develop an apparatus for 
the removal of press fluid from roasted beef muscle; (2) to standard- 
ize methods for determining the percentage of press fluid and the 
ratio between press fluid and dry matter, and for obtaining press 
fluid for chemical analysis; (8) to use the standardized methods for 
studying press fluid in two beef muscles, psoas major, and biceps 
feimu'is; and (4) to (‘ompare the moisture, ether extract, and nitrogen 
(‘ontents of the press fluid from roasted beef muscle under pressure 
for two periods of 5 minutes and 20 minutes. 

APPARATUS AND MATERIALS 

api)ara,tus used in this study is called a ‘^pressoineter" (fig, 
1). The term “press fluid" is used, in preference to “juice" since 
in meat studies juiciness is graded by the individual’s inaction 
when meat is eaten and probably includes not only fluids" which 
are present in meat, but depends also upon the flow of saliva stiinu- 

1 RtH*(uve<i for publifution Juii. 18, 1034; issued July 1034. Contribution from Minnesota Agri- 
cultural Experiment Station, Scientific Journal Series, Paper No. 1240, Theauthors gratefully acknowl- 
c<lge the technical assistance of Christian Dane and George Steinacher. 

llowifi, r. E. HlitATION OF COOKING TO THE STUDY OF THE QUALITY AND PALATABHITY OF MEAT. 
Jour. Ilonie Ecoii. Hi; 8-15. H)27. 

Alexander, L. M., Clark, N*. Q., and Howe, P. E. methods of cxioking and testing meat foe 
FALATABUiTY. Hcvis(‘d February 1933. Supplement to National Project Cooperative Meat Investiga- 
tions. U.S. Dept. Ayr., Ihir. 11 nine Econ. and Bur. .Anim. Indus. 30 pp., ilhis. 1933. [Miinoographed.] 
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lated by meat extractives. Therefore, “press fluid” is used to 
designate the fluid consisting of moisture plus the soluble material 
plus the colloidal fraction that is pressed from muscle by the 
pressometer. 

The pressometer (fig. 1) consists of a heavy cast-iron base with 
an attached motor. The muscle sample is wrapped in (ilter cloth 
(fig. 3) and placed in a brass tray (fig. 2) which is fitted into a gi'ooved 
platform in the apparatus. Starting the motor, the i)laM'orni with 



Figure 1. “-Cross section of the pressometer, giving (iotail of working inecliiiriLsnu 


tray is driven upward by means of a large screw until it reaclies 
a stationary plunger, the bottom, of its base having the same dimen- 
sions as the inside of the tray. A 2e5-poiind brass weiglit, which is 
suspended from the lever bar, exerts pressure on tlie sample. The 
pressure may be varied from 250 to 500 pounds by placing the weight 
at difi’erent points on the lever. When the desired pressure has 
been attained, the lever arm is lifted, breaking the current, and 
automatically arresting an increase in pressure. The actual time 
of pressure is checked by 
an automatic timer or stop 
watch. To carry the plat- 
form downward, the switch 
is reversed. 

Samples were taken from 
.beef .roasts averaging 1% 
pounds, from the left and 
right sides of the same 
animal. The roasts were 
stored in an electric refrig- 
erator at 4® to 6° C. until 
used for cooking. 

The rump was removed 
from the wholesale round by cutting parallel^ a ventral to the 
pelvic bone (aitch bone). On the medial side (inside or top round) 
at this point, there are two large muscles, the posterior one being the 
semimembranosus muscle, immediately in front of which lies the 
adductor muscle from which samples were taken for the removal of 
press fluid. 

Roasts were prepaied according to the method given in the quality 
tests officially accepted by the cooking committee of the ( 500 perative 
meat investigation committee,^ but were not seared. The exterior 



Figure tray for hokiing inusclei 8ami>ltb 


^ Alexander, L. M., Clark, .N. G.,. and .Howe, 'p. F. ■■S.ee footnote,;*. 
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fat, was removed, and the meat wiped with a damp cloth; it was 
then weighed, and all data for computing losses were recorded. 
The roast was tied with a string so that it was cylindrical in shape. 
The center of the bulb of a weighed, straight thermometer was 
inserted in the center of the roast. The meat was placed on a heavy 
wire rack, the rack being 1.25 cm from the bottom of the pan, in 
a weighed sheet-iron roasting pan (23,8 by 18.4 by 6 cm). The 
pan was set crosswise in the oven which was preheated to 125° C. 
The meat was roasted until the thermometer registered 60°. 

STANDARDIZATION OF METHOD FOR USING PRESSOMETER 

The first work on pressing muscle was done by placing the meat in a 
tray (2.5 by 2.7 by 0.8 cm) with a sieve bottom, the press fluid being col- 
lected in a tray placed directly under it. Because of the sm all size of the 
sample with which it was necessary to work, much of the fluid was lost 
either by evaporation or by adherence to 
to the tray, and small quantities of the 
solid part of the muscle were pressed 
through the sieve. Later, a tray wdth a 
slight metal elevation (height 0.3 cm) in 
tlie center was used, thus forming a groove 
aroimd the edge, wliere the fluid could 
collect. This method, also, proved to be 
inadequate since it was diflicult to press 
all of the fluid from the edges of the muscle 
and to remove it from the tray; therefore, 
it was decided to wrap the sample in a 
piece of cloth. 

After trying different kinds, sizes, and 
sliapes of cloth for wrapping the muscle 
sample, it was decided that unsized filter 
cloth, cut cross shape (fig. 3), gave the 
best results. The crosses were cut from 
the filter cloth after it had been boiled 
10 minutes in distilled water and then '^'rapping 

dried- 

For sampling, a slice of meat was cut from the center of the roast 
witli a sharp thin-bladed knife. A mechanical^ gage was used for 
di^tennining th.e exact tliickness. In order to obtain the most desirable 
thickness for cutting the meat, slices of different thicknesses (2.5,' 1.87^, 
and 1.25 cm) were tried. Those cut 2.5 cm tldck were too large and 
showed that all the press fluid was not absorbed by the cloth. The 
press fluid from the 1.87-cm and 1.25-cm slices was absorbed by the 
cloth. It was decided to use the 1.87-cm slice in order to obtain more 
easily a sufficient quantity of fluid for chemical analysis. 

A brief study was made of metal borers of different sizes and shapes. 
Two round borers (one, 1.27 cm in diameter, and the other, 2.4 cm in 
diameter) and a square borer (1 cm square) were used. The round 
borers were more easily used than the square one. The round borer 
1,27 cm (fig., 4)' i'n^di,ameter was chosen,, as tha^ smalh sample .had. a 
rnore uniform' structure of muscle fibers .than the larger one,,::..;': " 



71187- 34— fi 



1130 


Journal of AyrkuU ural Remirch 


Vol. 48, no. ,12 


Expeiiiiieiital work was canied out using diilVu-ent pressures ,:fo:r 
10 iiiiniites. The average ^ of press fluid pressed out by' 112 pounds 
pressure was 43.90 percent; by'lGS pounds pressure, 49.73; by 226.5 
pounds pressure, 50.26; by 250 pounds pressure, 56.34; and by 500 
pounds "pressure, 5,8.61 percent. Tlie data, obLa,i,ned„ s,bow'ed tli,at 
increased pressure yields more press fluid. Two luindi'ed and fifty 
pounds pressure wns selected because it wap bnind that this pressure 
could be used also with chicken, niuscle, wh^(^ll is short fil)ered. Some 
of the solids of this tender muscle were pressed into tlu^ cloth when 500 
pounds pressure was used. 

To determine the optimiun lengtli of time foi‘ tiie removal of press 
fluid, four periods wei’e used: 5, 10, 15, and 20 ininutes. The mean 
press fluid for seven samples was as follows: 5 nuimtes, 49.00 percent; 
10 minutes, 49.28 percent; 15 minutes, 50.64 percent; and 20 minutes, 
50.66 percent. 

Since there was not a great variation in the mean per(‘entage of 
press fluid obtained from these different periods, the 10munid(> jieriocl 
was used, as it allowed sufficient time for weigliing 
samples and less time for evaj)oration. 

Tlie average press fluid in nine muscle sa.mples 
was 49.93 percent, based on the difference between 
the weight of the original samj)lc and tlie [)ressed 
muscle. The a,verage press fluid in the (vlotli from 
the same samples was 48.98 percent, t>ased on the 
weigiit of the original dry cloth and the clotli mois- 
tened with the pressed fluid. The sliglitly lower 
percentage of fluid in tlie clotli tlian in tlie niuscle 
was probably due to a faster evaporation in the clotli. 

To compare the quantity of press fluid from roasts 
of difterent temperature, samples were cut (1) at the 
Figure 4.~-Borer, 7.B time the roasts were taken from the oven, (2) 2 liours 

cmSd^fmeSusWi after taking from the oven, (3) B/blioiirs after taking 
muscle tlie oven. The mean press fluid from roasts at 

approximately 55.5° C. was 49.64 ])er<*,ent; at 23.3°, 
49.74 percent ; and at 21 .1 °, 49.52 percent. From the nuuin [lercen tages 
of press fluid obtained from samples of roasts attlu'se difreremt t (miper- 
aturesyit can be seen tiia.t there was not an appr(M4al)l(^ diflVremai in the 
total quantity. 1 1 seemed evident that all of the small sa m [ )l(^s of m us(de 
were about the saine temperature at tlie actual tinu^ of pi'c^ssing. To 
prove this, tliermocouplcs were used to obtain tlu^ temfxu-af-ure of the 
small samples from the roasts of varying t(mip(M'atiir('s, and it, was 
found that by tlie time the sample was cut, weighcMl, ami wrapjicd in 
cloth, the muscle had almost reached rociin bun [xu-a, tun’s (21°). 
Since there was so little difterence in the (juantity of press fluid, all 
roasts were cooled to 40° before sampling. 

METHODS SELECTED FOR OBTAINING PRESS FLUID FROM 
ROASTED BEEF MQSGLE 

From the preliminary work the following were cliosen as (h’sirable 
methods for obtaiiiing press from roasted be(4 n)us(de and were, 
used i,n succeeding. , experiments,.- ■ 

5 The pyeentages press fluid for 112, 168, and 227.5 pounds pressure wesre obtiained by using an uni rupro vecl 
jprBSsoin6t6r» 
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A slice 1.87 cm thick was cut from the center of the roast by means 
of a sharp thin-bladed knife, using a mechanical gage for deterininiiig 
the thickness of the slice. Three adjacent samples were cut from the 
center of the slice with a round borer 1.27 cm in diameter (fig. 4). 
Each sample was transferred to a numbered, previously weighed, 
aluniininn dish containing a piece of dry,, weighed, unsized, shrunken 
filter cloth that was cut cross shape. The dish with cloth and muscle 
sainple was then weighed. The sample was carefully wu'apped and 
placed in the tray (fig. 2), which was inserted in the pressometer and 
allowed to remain for 10 minutes at a pressure of 250 pounds. The 
muscle sample and the cloth were removed from the tray and placed 
in separate, dried, weighed aluminum dishes and weighed; samples 
were kept in the desiccator until ready for weighing. Rapid work was 
necessary from the time the sample was cut to the last weighing, so as 
to avoid evaporation losses. Forceps were used for all handling. 

The percentage of press fluid in the muscle was found by dividing the 
weight of the press fluid by the weight of the muscle sample before 
pressing. The weight of the press fluid was found by subtracting the 
weight of the pressed muscle sample from the weight of the unpressed 
sample. 

METHOD USED IN OBTAINING RATIO OF PRESS FLUID TO DRY 
MATTER FROM HEATED MUSCLE 

The rnethod for obtaining the cpiantity of press fluid from heated 
muscle, as previously explained, was followed. The two aluminum 
dishes with weighed samples of pressed muscle in one and the cloth 
containing the press fluid in the other were then dried in a Freas 
vacuum oven at 65° C. The ratio of press fluid to dry matter was 
calculated by dividing the weight of the press fluid by the weight of 
the dry matter. The dry matter includes both that in the residual 
muscle and that adhering to the cloth. 

METHOD USED FOR OBTAINING PRESS FLUID FOR CHEMICAL 

ANALYSIS 

For (‘hemi(‘al analysis of the press fluid, samples of muscle were cut 
from the center slices of the roast. 

The sam])le was set in the center of a weighed, cross-shaped liltm" 
(*Ioth, wrapped, and placed in the pressometer and allowed to reinain 
for 5 minutes at a pressure of 250 pounds; the pressed muscle was then 
discarded and the process was repeated, using the same piece of cloth 
with two other muscle samples. The cloth was removed to a weighed 
corked bottle and i)la<*ed in the desiccator. When four pieces of cloth 
were similarly (illed with press fluid, the bottle and (^h)th were weighed 
and the amount of press fluid was calculated. This qxia^^ of 
press fluid (5Kg <>^‘ more) was suflicient to determine the ether extract, 
nitrogen, ancl moistiire content. The corked sample bottle, contain- 
ing the lilter cloth witlf pi*essed fluid, was kept iri a cold rooin ( -- 14° 
to ” 15° (b) until neccled for an 

The sample, after l)eing prepared for analysis, was cut in pieces 
approximately one-fourth inch square and was divided into five 
alicpiot portions, each being placed in a weighed aluminum dish. 
The <a)veut^d dishes were allowed to stand at rooni teniperafvir^^^^ for 
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15 iiiiniites, then weighed. Moisture, ether extract, and nitrogen 
were determined by the oflicial methods of analysis of tlie Association 
of Oflicial Agriciiltural Chemists.^ 

EXPERIMENTAL DATA FROM USE OF THE PRESSOMETER 

The three methods of expeiinientation wei-e iis(Mi for <‘(>iii|)aring 
(1) the press fluid in two beef muscles, one tender (psoas nia,jor) and 
one less tender (biceps femoris), and (2) they moist, u.i-(n (> if uu* extract, 
and nitrogen in the press fluid from roasted adductor musch' when the 
samples were kept under pressure for two periods, 5 loinutes and 20 
minutes. 


RATIO OF PRESS FLUID TO DRY MATTER IN ROASTED BEEF 

Table 1 presents the mean grams of fluid per gram of dry rnatter 
from a tender muscle (the psoas major) of roast ()eef, and a, less 
tender muscle (the biceps femoris). The mean grams of fluid per 
gram of dry matter (1.847 for biceps femoris and 1.823 for psoas 
major) did not vary significantly, as cietermined by means of the t 
test t is 0.226. and P is between 0.90 and 0.80 which means that in 
80 to 90 cases out of 100 this difference is due to (‘haiK‘e. 


Table 1. ~~M'ean ^^ grains of -press fluid per gram of dnj matter in the niiiscles, 
biceps fernoi'is and psoas niajoif from roast e<I lu'if 


Roast no. 

I Biceps femo- 
ria muscle 

Roast no. 

Psoas imijor 
nuiscle 

1 - 

1.620 

9 

1.815 

2 

2. 076 

10 i 

1.660 

3. 

i 1. 583 

11.. 

1.336 

4, 

1 L946 

12 

2. 160 


1.903 

13 

2.013 

(5... - 

1. 796 

14... - 

1.596 

7 

2. 100 

15... 

1.926 

8 ,-...-. 

1.753 

16 

2. 080 

Mean- ■ - 

1.847 

Mean 

I.S23 


“ From 3 samples from center slice of roast. 


MOISTURE, ETHER EXTRACT, AND NITROGEN IN PRESS FLUID FROM ROASTED BEEP 

WHEN SAMPLES WERE UNDER PRESSURE FOR FERIOI'IS OP 5 AN I,) 20 M^INUTES 

The percentage of moisture in press fluid from tln^ I'oastcal adiluctor 
muscle of beef under pressure for periods of 5 and 20 minui,(\s is given 
in table 2. 

The mean percentage of moisture in the press fluid whmi (tie sampl(\s 
remained under pressure for 5 minutes was 89.974, and for 20 minidvs 
88.757, showing slightly less moisture after it hail Ixam under pressure^, 
for 20 than for 5 minutes. This slight (iifferen(‘e may be due to 
greater evaporation when the sample remained under pressure for fhe 
longer time; t is 1.640 and P is between 0.20 and O.IO, whieli means 
that in 10 to 20 cases out of 100 this difference is due to chance. 
These data indicate that duration of pressing is not. likeiv to affect 
t he percentage of moisture in press fluid . 

Association of OFFiri.\r. Agricultitral Ohemists. official and TifiNTATiVK methods of a n alysis. 
by the coiiiniiUec on editing methods of analysis , . . Ed. 3, 593 i)p., llliis, Wasliirigton, I).C., 

» Fisher, R. A. STATrsTrcAL methods for research workers. Ed. 4^ rtw. and etd., 307 pp ,1110 
Edinburgh and London. 1932. .■ ’ 
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Table 2. — Percentage oj mmsUiref ether extra ct, and nitrogen in press fkdd from 
roaded adductor beef muscle wider pressure for 5-minute and for ''2()-nmiiUe 
periods 

MOISTUK,E 


5 minutes 

20 minutes 

Roast no. 

Aloisture 

Roast no. 

M'oi.stur(3 

18 . . - - . . 

i)(). 96 

1.9......-.-. 

88.46 

20. . . . 

89. 37 

21 - 

89. 52 

.)t) 

90. 32 

23 . 

89 05 

2t. .. . 

90. 44 

25 -- - 

90. 67 

20 

90. 39 

27 

90. 72 

28-„ .... 

89. 28 

29-. 

90. 54 

30.. 

89, 53 

31 

87 94 

32 

91, 15 

33 -- ... 

90. 38 

34, 

90.49 

35 

88. 52 

36 

86, 80 

37 - 

90 01 

38.- 

99.71 

39 . 

91.08 

40 

89. 24 

41 - 

86. 49 

42-.- 

82. 25 

43 

78.83 

44.. - 

so. 71 

45 

90.38 



Mean 

89. 974 

Mean .. .. .. 

88. 757 



ETHER EXTRACT 

IS .. 

1.81 

19 

3.14 

20 

2. 39 

21.... 

2. 82 

22 

2.53 


2. 86 

2t. 

2. 00 

25- 

2. 48 

26 - , 

1. 05 

27 . 

2. 16 

2S,.,. 

3. 65 

29 - 

3. 07 

30 

2. 87 

31 - 

1.87 

32 

1.61 

33 - - 

.97 

34.. . .... 

1. 70 


1.86 

36 

3. 24 

37 - 

2. 01 

38 ... 

1.74 

39 - 

.73 

41) . . 

2, 82 

41 - - 

7. 18 

42 

7. 32 

43 ..... 

7. 07 

41 . . 

1.26 

45--.,,. 

1.87 

Mean, 

2. 571 

Alean 

2. 906 


NITROGEN 


18.. - 

1. 040 

.19 

1. 020 

20 

.980 

21., - 

. 950 

22 , - 

. 984 

23 

.965 

24.. 

1. 021 

25.,...-.-., . 

. 940 

26 . 

. 950 

27- - . , 

. 927 

28.. 

, 938 

29 - 

.942 

30 ... - - 

.997 

31- - 

. 985 

32 ... 

.975 


. 90(1 

34 - 

1.005 

35...... 

.925 

36 .. ... . , 

1.002 

37 

.950 

38 . i 

. 888 

39-. 

. 860 

4oy.' 

1.000 

41 - . - 

.957 

42 - . . . 

.963 

43 . . . . 

,V,064' 



1. 010 

45.- - ... 

■ ■ . 954 

Alean . , ... - 

.982 

Mea,U- 

„■ .947 






The quantity of fat in press fluid may be an indication of the 
quality of press fluid or juice in meat. In order to determme whether 
time of pressing had any effect on the quantity of fat, the ether 
extract obtained from press fluid of roasted adductor beef muscle 
under pressure for 5 minutes was compared with that obtained under 
20 ininutes^ pressure (table 2). In the case of ether extract, the 
Smunute period gave a mean percentage of 2.571, and the 20-mmute 
period one of 2.906, t being 0.914 and P lietween 0.40 and 0.30, 
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indicating that the difference is not significant d A longei' tinu‘ nnde,!* 
pressure is not likely to influence the final pfycentage of ether (^xtra<‘t 
obtained from the ])i‘ess fluid, siiu'c nuiscle fat^ solidifies wheii cool. 

Tlie mean percentage of nitrogen (I able 2) in th(‘ fU'css (liiid from 
(h(‘ roast.ed muscle was found to be signi{i<*anlly higher aftm’ a fi-min- 
iih‘ expression period tlian after a. 2()~minut(‘ period, being fK982 
p(u*<*(mf. for the former and 0.947 percent for tlu' latter. The / test 
applied to tliis differeiu’e ga,ve / '- 4 . 848 , and P is less tlian 0 . 01 . 
One might assume that more nitrogen would b(‘ ol)tained in p.i‘ess 
fluid when the longer period is used, becaaise of the [)()ssi1)le pressing 
out of colloidal material into the cloth. ^ A possil)le ex|)Ianation of 
the fact that the greater percentage of nitrogen appears during the 
5-miiiute period than during the 20-minute period, is that the solulrle 
nitrogen is pressed out at the beginning of the period. Gortner, 
Lawrence, and Harris ^ in their work on plant tissue, state that in 
some instances the fluid extracted by contimious pressing, wit.hout 
rearrangement of the tissue mass, may become less and l(‘ss (‘omaui- 
trated. This was found to be true in a seri(>s of i'xtra(‘t ions from 
cabbage leaves. 

SUMMARY 

An apparatus called the ^‘pressometer’b developed to press (luid 
from heated beef muscle, is described. 

Methods are exi)lained for using the pressometer, for det(U'mining 
the percentage of press fluid and the ratio of press fluid to dry mattei’ 
in heated beef muscle, and for obtaining |)ress Iluid fr*om IhuOxhI })eef 
muscle for chemical analysis. 

Fi’om this study the following observations may be made on the 
basis of statistical analysis: 

The mean percentages of ether extract and moisture in the press 
fluid from the adductor muscle from roasted beef, did not vary sig- 
nificantly when samples were under pressure for 5 and for 2()-mimite 
periods. 

The mean percentages of nitrogen in the press fluid from adductor 
muscle from loastod beef variecl significantly when sam|)l(^s w'cre 
under piessine foi* h a,ud for 2()-ininute jjoriods, the great-er pei\*entage 
of nitrogen a,pi)('a,nng during the 5-min(ite period. 

The mean percentages of press fluid from the muscles psoas major 
and bi(*ei)s femons from roasted beef did not vary signifii'andy wdieri 
the grams of pi-ess lluid per dram of dry matter were* <*omj)ar(Hl. 

7 Fisher, R. A. See footnote fJ. 

® Gortner, H, L/^\vken(;rJ. 0,, and H\hrih, ,1. A. the extha(.'Tion ok sav kuom plant timhok.s 
BY PRES.SURE. Biochein. Hull, f): 139-142. llllfl. 



CARBON DIOXIDE FORMATION BY CLEAN AND SCABBY 

POTATOES ' 


By 1^. I<\ Lutma n ^ 

Planl \’'crin(nU Agncidlural Ih' pcriiiind Plafion 

INTRODUCTION 

Losses in weight of potato tuLers in storage are due to both tran- 
spiration and respiration, but inueh the greater losses are due to the 
former. The checking of such losses by the tubers is largely through 
the skin.^ The skins of scabby potatoes are altered considerably by 
a parasitic growth which stimulates the formation of a loose and very 
permeable covering. Such tubers lose weight reapidly after removal 
from the soil. The gradual healing of the abnormal skin areas after 
the tubers have been in storage for some time tends to check these 
heavy initial losses and to restore the tubers almost to the same 
condition as healthy ones. 

PREVIOUS WORK 

The relation of respiration to loss of weight in potatoes, apples, 
carrots, and other iTiiits and vegetables has betm discussed in con- 
siderable detail by various authors. Especially important in this 
connection is the work of Appleman, Kimbrough, and Smith (1)'^ 
on the physiological shrinkage of potatoes in storage, and that of 
Kimbrough (5) on the respiration of potatoes during storage and 
transportation. Some interesting work on the internal gases of 
potato tubers has been reported by Magness (7). A detailed account 
of the relative losses in weight of clean and scabby tubers is given in 
an earlier report by the present writer (6), 

The method used by all these investigators except the last men- 
tioned is to pass carbon-dioxide-free air through a vessel containing 
a weighed lot of potatoes. This air sw^eeps out the carbon dioxide 
formed by the tubers. The air with its accumulated carbon dioxide 
is then passed through a solution such as barium hydroxide, A titra- 
tion of this solution at tlie conclusion of the run gives the aniount of 
carl)on dioxide evolved. 

The method used by the author (60 was the^ sampling method, thc 
detej’mination. of the percentage of carbon dioxide in the lO-cc sample 
being determined by the Haldane apparatus. By this method the 
respiration of lO poimds of potatoes kept imder bell jars between 
October 4 and March 29 was only 2.471 for clean tubers or 3.757 for 
s(uibby ones. The temperature during much of this storage period was 
only 2^ C. Althougli at the beginning of the season it has been 12^^, it 
dropped rapidly to about 3° to 4°. The total respiration loss of the 
tubers kept by Kimbrough (J) is not given, but from his graph the 

mUHTiYcd f()r pubUcTiUoiLNov. ir 1933; issued 

- 'The writer is indebted to John B. Vander, assistant chemist, Vermont Agricultural Blxperiment Sta- 
tion, for the cheinical work involved in the storage studievS of the clean and scabby potatoes. 

MU>ference is inad(U)y number (italicO tn Literature Cited, p. 1143. 
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loss between October 1 and February 7 (129 days) for a kilogram of 
tubers kept at 22° C. (71.6° F.) appears to be about 17. /Pbe respira- 
tion at 40° of Gi-een Mountain tubers, aecxirdijig to Wrigiili [iJ), w as 
in milligrams per kilogram-hour on November 7, 5.1 1 ; on damiary 17, 
3.57; and on March 24, 2.93. At tliese rates tlie total loss |)er kilo- 
gram would be for the 5 storage months, N()veml)er to Marcli, 
iiiclusive, about 15 g. 

In a recent publication Smith {8) reviewed nnicli of the literature 
and added extensive data on the efiect of teni])ei*a:tui;e, humidity, 
injury, depth of layer, etc., on potatoes in storage. Ordinary storage 
cellars were used m some of the experiments, and the loss in weight 
from respiration during a 7-month period ranged friun 0.40 to 0.67 
percent of the total weight of the tubers. Tlie loss fi-oiu resf)iration 
of mechanically injured tubers, while large at first, di‘o])pe(l rapidly 
until it was no greater than that of uninjured ones. The d(‘pt.h of the 
potatoes in the bin had little effect on the carbon dioxide formation, 
although it was somewhat higher in the bottom layers than in tlie top 
ones. The difference was noticeable only at the end of the storage 
season when sprouting was probably starting. Smith doi^s .not disimss 
the relative merits of the methods used for respiration d(dnrinination. 

PURPOSE OP THE WORK 

The purpose of the experiments liere reported was primarily to 
ascertain the loss tiy respiration of scabby [lotatoes as comiiared 
with that of clean ones after various periods in storage^, and to (•(iiripare 
the results obtained by the aspirator method with those obtained l>y 
the sampling one. 

METHODS 

Four lots of tubers as nearly alike as possible in siz(‘ and. number 
were placed under bell jars. Each lot weighed appi-oximately 
1,000 g. Two of the lots were composed of clean tubers and two of 
scabby tubers. The jars contained 8 liters of air after the tubers 
had been placed in them. To prevent the growth of mold, the tubers 
were immersed for 1 hour in a weak foiunaldehydi' solution befoi'c they 
were placed in the jars, and freB.h tubers wiu'c suhstitutcal if diauiy 
appeared. The jam weie kept in a basement/ room the temperature 
of which ranged horn I to 15® C. 

The amount ol (lu bon dioxide evolved was .measured by (1) the 
aspirator method, and (2) the sampling or Haldane imdhud. The 
amount of carbon dioxide formed in a jar of clean and in one of scaibby 
tubers was determined by each method 

W was used laboratory air, frecul from 

carbon dioxide and moisture (fig. 1), was passed through th{‘, liell ja.r 
Gontaining the tubers and then into a small .Krlenin(\y(u* flask (uinta'in- 
ing 100 cc of 0.1650 normal barium hydroxide solution. After the 
air in the bell jar had been passed for 24 hours through this solution, 
it was titrated with 2/10 N oxalic acid and the amount of carbon 
dioxide computed. 

An analysis ol the air inside bell jars containing dean or S(*a,bby 
tubers was made daily by the use of a Haldane appara-tus during tlie 
early part of the storage season and usually at intervals of 2 days 
during the late lall. The tubers were left unclcu* t/lu^ jars for periods of 
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5 to 7 days during the winter, the carbon dioxide being allowed to 
acciiiiiulate in the jar. The ^ air in the bell jars was thoroughly 
inixed each time by the aid of a celluloid fan operated from outside 
to insure a homogeneous iriixture. 

The intercellular gas of the tubers used in the experiments was 
removed from n number of the lots. The method of extraction was 


TO ASPIRATOR 



Fkvure 1. Diafjrani of apparatus used for obtaining the carbon dioxide production by tiie use of a continu- 
ous current of carbon-dioxide-free air. 


that descrilted by Magness (7), and the determination of carbon dioxide 
and oxygen was made by a modified Henderson apparatus (fig. 2). 
The modification consisted in the use of a 3-cc calibrated tube instead 
of the usual lO-cc tul)e. Three cubic centimeters of gas was usually 
all tlnit could readily be obtained. Eight plugs, 1 or 2 from each 
tuber, were placed in the mercury. The modified Henderson appa- 



lied Hendenson apparatus, /t, Jar filled with mercury and potato plugs; B, tube filled with mercury; 
a, jar filled with mercury; connected by heavy rubber tubing with jar A, controlled by stop coefe JV/, 
jar C can be raised and lowered; I), beaker filled with mercury in which is placed the gas-eolleeting tube 
controlled by stopcock A"; N, stopcock from collection tube E, to aspirator or to CO2 and O2 appara- 
tus; 0 , three-way stopcock to calibrated CO2 apparatus immediately below or to pyrogallic acid 
solution on right but not shown in the figure. 

raius is not SO accurate as the Haldane, but it is probably not more 
than!' percent in error. 

To determine the amount of carbon dioxide that would accumulate 
in air-tight potato bins, two large cylindrical, galvanized iron tanks, 
each 5 K feet high, ..were filled with clean .or scabby ;p()tatoes.'; Before 
the potatoes were placed in' the bins,, glass daibes. . with a bore ...of .about. 
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2 inin (barometer) were placed in each so as to tap t lu' aii* Ix't wecai the 
tubers at the 5-, 4-, 2-, a, rid l-fcxd; levels. Th<> u|)per of (‘acl) 

tube was closed by a piiichcock. Samples of lh(‘ storage air at llu^ 
various levels coiiid be drawn ( lirouji;li tln^ l idH's wit lion t dist il rbiiiy 
t,lie other a.ir dr tlie tvu hers. 

1)Ai:a 

LOSS or CAKBON OIOXIDK FKOM Cl. BAN AN I » SCABBY TUB KBS 

Four lots of tubers were eariied through tlie storage season under 
bell jars. These tubers were changed every 2 to d wcx'ks from a 
suppiy kept under the same conditions. Two jars (‘(uitaiiKal clean 
tubers and two contained scabby ones. The respiration In a <4<ain 
and in a scabby jar was measured by the absorption-aspirator imd hod 
and similar lots were measured by the sampling nudliod. The (‘xpiu'i- 
ments were continued from October 11, 11)30, to Mar(*h 10, 1031, a. 
total storage period of 159 days. A suinmary of tiuMX'sults, {)r{\s('ntcd 
in tables 1 and 2, shows that the general effeet (>f siadibing was to 
increase the loss of carbon dioxide except (luring tlu* last nionth 
or so of storage. The loss as determined l)y the absorption iiiethod 
was almost twice as great as that by tlie sampling nud hod. 


Table 1. — Carbon j)roduciion {milUgram^^^ by clean and i^inibhy pointoeR 

darhuj the starage season, as dcdennlncd. by tlie absorption, and sum pHny methods 


Mmith 

Average production of ('Ov- per kilo- 
gram-bour 

Averajic production of ('(>,. pop kilo- 
gram j)cr day 

Abfsorption method 

Sampling' met lax 1 

Absorption met boil 

Sampling inetluxi 

Clean 

potatoes 

Scabby 

potatoes 

Clean 

Iiot.atoes 

Scabby 

{potatoes 

Clean 

Ifolatoes 

Scabby 

potatoes 

Clean 

jiolaUH's 

Scabby 

potatoes 

October. 

S.8 

lO. 0 

0,7 

8,7 

211.2 

240. 0 

100.8 

208. 8 

November ' 

4. :i 

<5. 0 

2.7 

4. 0 

98, 4 

lU.O 

01. 8 

90. 0 

December 

3. 3 

5, 9 

1 . (5 

2, 2 

79. 2 

lu.n 

38. 4 

52. 8 

Jamiary 

4.2 

4. 9 

2. 1 

2.4 

100. 8 

1 1 7. i; 

50. 4 

57. 0 

February .. 

5. f) 

5 . 1 

2. 7 

2.S 

132. 0 

1 22. 4 

04. 8 

(57. 2 

March 

!». 3 

(5.7 

4.() 

3. 5 

22H.2 

1 (ill. S 

90. 0 

84. 0 


Table 2.~--Total ca.rban dioxide producturn {grams per kdloffram) by clean and 
scabby potatoes, by the month or pari of the inonth, a.wl also for the entire storage 
season, as determined by the absorption and sanipling methods 


Aionlh 

' 

Al)Sori>ti(m meUifxi 

Samplifij 

uxdhod 

(.Mean 

potatoes 

Scabby 

potatoes 

< 'lean 
potatoes 

Scafdiy 

polatocbs 

October (20 days) . .... ; 

4.224 

4.800 

3. 210 

1. 170 

N overnber ... 

2. 952 

4, 320 

1.944 

2. 880 

December..... ■ . 

2. 45.5 

4. 390 

1. lt>0 

1. (137 

January. 

3. 125 

3,(545 

1 . 502 

1 . 785 

February ^ ■. . i 

3.09(5 

' 3. 427 

1, 814 

1.881 

March (19 days)... ■! 

4,241 

3. 055 

1 . 824 

1 1.590 

Total (159 days) . . ......... . ... . i 

20.(59,3 

23. 037 

1 1 . 550 

13.9.55 

1 


The results are a reflection of the patholoj^y of the scabby tubers 
and are an interesting addition to thei physiology of abnormal growths. 
The loss of carbon dioxide was relatively heavy from tlu*. scabby 
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tubers (luring the early part of the season (October to February), 
l)ut ()y I^'ebruary the scab lesions had healed so tlioroiigbly that the 
skins of (lie scabljy tubers were as impermeable as tliose of the chain 
ones. During Marcdi tlie scabby tubers should apparently liave had 
an (‘ven bettc'r protection against the loss of cai’bon dioxiih^ than 
the (dean ones, Tlie fact, tliat tlie clean tubers prodM(‘ed inorx^ (airbon 
dioxide lat(' in (.iu' season was due to tlieir earliei" gerinination, as 
table d sliows. 


Taiuuo a. (Uirboii (lioxifl/y pi'odudion {milligriitm per kilograindiirm^^ by clean and 
,^rabby pol aloes during ;? periods in March, as determined by the absorption 
and sampling methods 


Period 

' 

Absorption 

method 

Sampling method 

Clean 

potatoes 

Scabby 

potatoes 

Clean 

potatoes 

Scabby 

potatoes 

M.‘ar. 1 to Alar. 5 

5.8 

6. 0 

2.S 

2.S 

Mar. 9 to Mar. 13 (sproutinf;' in dean tubers begun) 

Mar. 15 to Mar. 19 (sprouting in dean and some in scabby tubers 

10. 2 

G. 3 

3.3 

2.7 

advanced) 

11.7 

7.8 

6.4 

5. 6 


Scab spots delay germination from 1 to 2 weeks, and during that 
tirne the carbon dioxide production is greater from clean tubers with 
tlieir hirge sprouts. 

COMPAHISON 01^ RESULTS OBTAINED BY THE TWO METHODS 

As compared with the sampling method the absorption method 
gave a uniformly higher production of carbon dioxide from both clean 
and scabby tubers (table 4). The conditions under which the coin- 
parisons were made should be noted. When the absorption method 
is used all the air from the bell jar is swept out by the air current 
passing over the tubers; when the sampling method is used the air 
over the tubers remains the same and the carbon dioxide produced 
remains in it. However, the amount of carbon dioxide in the jars 
nev(U‘ approaclied 2 percent, the limit of determination by the 
Haldane ap|)aratus. 

1’ahlio 4. Daily carbon dioxide production (milligrams per kilogrom’-hour) by dean 

and srabj)!/ potatoes for the days after the tubers had. been a/ired and then replaced 
under the hell jars, or other tubers substituted, as determined by the ahsorplion and 
sampling methods 


Date 

Absoriition metliod 

Sainpling method 

Clean 

potatoes 

Scabby 

potatoes 

Glean 

I)otatoes 

Scabby . 
potatoes 

Dec, 9...... 

2. 9 

6.1 

2.0 

..4,2 

10 .... .......... 

3.6 

G.l) 

1.5 

1.9 

11, . ; 

5. 1 

6.1 

1.5 

2.2. 

12 ■ 

3.4 

6.0 

1. 4 

2.0. 

13 

3. 3 

5. 9 

1,3 

: '■ 4.8 

Jan. 7 

3.7 

5.3 

3.1 

:v"'.''3.5 

H ■ ■■ . .... 



1.8 

2.0 


f 3,9 

5.0 

1.8 

1 .. 8 

' 9.. 



1.7 
3. 3 

■ • ■ ' 1 7 ■ 

29 ' 

4 ....-, .... 

d.G: 

4,3 

3.0 

30 ■ ■ . .. ^ . 

.. .. . . 


2. 3 

.■..■'■'■■"2.. 5 

31- ■... 



2.0 

.. ■ ■2.3 

Feb. 1 - 



■■•■.."1.8 

.■■2.2. 
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The amount obtained with the Haldane apparatus tlu*. tirst day 
after the tubers were placed under the bell jars was similar to that 
obtained by the other method, but the drop was abrupt after tliat time 
and the amount remained relatively small. I'he tidier.s used were 
stored in the same room as the bell jars and had been kept there for 
at least 1 week before they were used. 

Every period after the changing of the tubers showed a, similar 
slump in the rate of respiration as indicated by tlie Hakhim^ !ippara (,us. 
The carbon dio.xide in the other bell jars must have had the tu Iters as 
its source. The internal, intercellular gases percolate out through 
the lenticels from the inside of the tubers. With this point in mind, 
a measurement of the internal gases of the tubers under each of the 
jars was made at intervals after a series of readings had been taken 
for carbon dioxide formation (tables 5 and 6). 


Table 5. — Carbon dioxide production (milligrams per kilogram^4ioiir) by dean 
arid scabby potatoes on days upon 'which the internal gases were also analyzed, as 
determined by the ahsorption and sampling methods 



Ab.sori)tion luethod 

Samiiliim luotluxl 


Clean 

HeublhV 

Clean 

Scabby 


liotatoes 

liotat.oes 

potatoes 

point <ies 

Nov. r> - -- 

7). 8 

7.8 

IS 

8. 1 

Nov. 27, - 

2. 2 

4. 1 

1.2 

1.5 

Dee. 18.,,... - 

:i. 4 

(>. :5 

l.H 

2. 0 

Jail. 17 

4.0 

7). 1 

2. 1 

2. 2 

Feb. 16 - 

4. 4 

4. 2 

2. 2 

2. 4 

Mar. 4 

0. 1 

(!. 0 

1.2 

I.O 

Mar. 21 

JI.O 

8, 2 

8. (J 

8. 4 


Table 6. — ’Percentage of carbon dioxide and of oxygen in the Internal gases of stored 
potato tubers after the completion of the respiration tests 



After absorption method 

Afler saTn[)Iing method 

Date 

0()2 

02 

a 

h 

O 



Clean 

Scabby 

Clean 

Scabby 

< Mean 

Scabby 

Clcsin 

Seabby 


])()tatoes 

potatoe.s 

jiotatoes 

potatoes 

potutoe.s 

potatoes 

P0lflt(M*.S 

potatoes 

'Nov., 5.. 

25. (1 

2S.6 

7.8 

12. 0 

40. 0 

56. 1 

11,0 

6.9 

.Nov. 27.., 

25. 5 

22.1 

8. 6 

9.0 

42. 6 

52. 8 

8. 0 

5.7 

Dec.. 18...-, 

29,8 

28.2 

6.8 

10. 7 

25.9 

46. 1 

1 1. 7 

9.7 

Jan. 17.. 

22. 5 

36, 5 

8.1 

6. 9 

25. 2 

42.7 

9. 5 

8.7 

Feb. 16..--..-..-.-... 

28.2 

32. 9 

10.4 

M.O 

27, 1 

42. 7 

8,6 ■ 

6. 2 

Mar. 4„.. 

22.7 

55.2 

7.0 

10, 1 

22.8 

54. 8 

5. 2 

9. 9 

Mar. 21-.... 

45.6 

58.2 

2. 4 

8.2 

55.1 

60. 1 

<V, T 

5.9 

Average--.—.. 

32.84 

39.00 

7.44 

9.71 

29. 97 

50. 90 

8. 20 

7. 57 


When determinations were made by the saiiipling method the 
amount of carbon dioxide remaining in the internal gases of the 
tubers was higher in all except one instance (when it was about the 
same) than it was when the absorption method was used (table (i), 
mdreating that in the passage of the air througli the l)ell jar for 24 
hours, a considerable percentage of the internal carbon di(».xide fomid 
its way out of the tuber. Determinations by the absorption nudliod 
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sliowed that (luring November and December, before the scab lesions 
had completely healed, the scabby tubers allowed iiKjre carbon dioxide 
to pass out than the clean ones, i.e., the percentage remaining within 
tliem was sinaller. In January, however, and the nionths following, 
the pei’(‘entage rernaining inside the scabby tubers was higher than 
hi the (d(>ati (ums. 

A M OUNT OP CAEBON DIOXIDE REQUIRED TO CHECK RESPIRATION 

The total accumulated carbon dioxide under the bell jars used for 
sampling never approached 2 percent. Trials made to determine the 
percentage necessary to check respiration, not to prevent it entirely, 
indicated that 7 to 9 percent was sufficient and that the acidity of the 
juice changed from about pH 6.2 to pH 5.8. Such a high percentage of 
carbon dioxide could probably never develop in a storage bin. The 
7 percent carbon dioxide slowed down respiration to a minimum, but 
at least 16 percent of carbon dioxide was required to prevent it 
entirely. Kidd (J) found that 20 percent would not only stop respira- 
tion but would also prevent sprouting. 

AMOUNT OP CARBON DIOXIDE ACCUMULATING AT BOTTOM OP BINS 

In order to determine the quantity of carbon dioxide that would 
accumulate in a bin, potatoes were stored in two large open-topped 
cylinders, clean tubers in one and scabby tubers in the other. Before 
the potatoes were put into the cylinders, rods of barometer glass were 
so suspended that air could be withdrawn from depths of 1, 2, 3, 4, 
and 5 feet. When these experiments were started about March 15, 
1931, the storage temperature was approximately 38® to 40® F, 
Samples were taken weekly, but the percentages of carbon dioxide 
remained the same as that of the surrounding air until April 15. By 
that time sprouting was common on both clean and scabby tubers, 
and the temperature rose to 50® to 52® and the percentage of carbon 
dioxide in the bottom of the cans rose to 0.7 percent. In 1933 the 
experiment was repeated, starting February 9 and continuing imtil 
May 3. The readings from clean and scabby potatoes were approx- 
imately the same, 0.4 percent at 1 foot, 1.3 percent at 2 feet, 1.8 
percent at 3 feet, 1 .7 percent at 4 feet, and 1.8 percent at 5 feet. 

The percentages which appear in the later readings are higher 
than those of Smith (5), but Smitlds data are from tubers stored in 
bins that were not necessarily airtight, whereas the data recorded in 
this work were from tubers stored in cans. The top layers even in a 
can of potatoes, however, interpose only a small obstacle to the 
outward diffusion of gases formed inside the can. If such a formation 
is slow, as occurs from potatoes stored at low temperatures, the 
diffusion inay keep pace with the formation in a bin that is only 5 
feet in depth. The boles between the tubers, as was found by actual 
measurement, represent 17.7 percent of the surface area of the large 
potatoes and 14.8 percent that of the small ones. According to 
Brown and Escombe (^) , if 11.34 percent of a septum area is composed 
of holes, the diffusion is 60 percent that of an open vessel. ^ The 
irregular shape of the holes undoubtedly added to their difliisioii 
cfficien(\y as compared with circular holes. The 1 5 to 18 percent area 
of the interstices between the tubers would a(U‘ordingly mean a 
(liflhsmn equ probably to at least 70 percent of that of an open 
vessel. 



Journal oj Agriadturcd Research 


Voi. 48, ncL 1 2 


1142 


Other factors, such as shape of pores and depth to which 1 !h\y nre 
embedded, velocity of wind stirring, and the percentage^ of any gas in 
the storage chamber, aifect the rate ot gas (lifhisioii (;>), hut tliese 
factors were not investigated in the present work as the avea of a 
tortuous piissage from the bottom of a container tilled with potatoes 
would be difficult to determine. 


DISCUSSION 


Respiration was always less under the bell jars test(ai i)y the Hal- 
dane apparatus than in those throngh which the (oirb()ti~(lioxi(i(wlree 
air was passed. This may be explained by the diffusion of gases 
through the pores of an impervious iiienibrane. The slvin of the ])otato 
tuber^is the membrane broken by the openings which are the lenti- 
cels. The chamber containing the CXlo i^ the potato. 

Brown and Escombe (2) have shown that aroimd ea(‘h pore an areji 
of gas collects; very dense at the pore, gradually beconiing more 
diluted as the distance from the pore increases. Tins is their so-cuilled 
“sheir* of gas. Exactly the same shell of C ()2 must o(‘<*.ur over each 
pore, i.e., over each lenticel of the tuber, ijct us s('c bow tliese shells 
of gas behave under the two treatments. 

In the aspirator method, when air, f]*ee of (X)o, passes over a len- 
ticel, at the entrance to which the percentage of (X)o is approxi- 
mately, let us say 2S.6 percent, the shell of carboii dioxide is swept 
away,' leaving a very sharp gradient between th(‘ internal gas of the 
tuber and the air rushing by the opening. The (X )2 is densest at tlie 
center of the tuber away from tliese pores. The G ()2 rushes out of 
the tuber, is swept along and measured as part of the respiration. 
This lowers the amount of CO 2 remaining inside the tulier, as sliown 
in table 6. The apparent respiration CCb by tliis method therefore 
includes (1) the carbon dioxide in the jar; (2) the carbon dioxide sur- 
rounding the pores, i.e., the shells; and (3) part of (b(‘ <‘arbon dioxide 
which is normally within the tuber but which rushes out through tlie 
pores when air is swept over them for 24 hours. 

In the sampling method, the air inside the bell jars is still, ()!>vi- 
ously a larger shell of diluted C ()2 can be formed ovi'r (iu‘ poi’cu The 
preparations are made for taking the sample, Ttu' air is slirrial by 
a celluloid fan, breaking U j) tJie shells around the porc's. and <list>ril)ut- 
ing the C ()2 throiighout the air of the bell jar so as to mak(^ a homo- 
geneous gaseous mixture. The lO-ce samjde is liuai tak<‘n iumuali- 
ately, the whole process involving only a few nnnut^'s. vSom(‘ of ^lH^ 
internal CX ')2 rushes out through the pore, hut, ibe amount is m^gligi- 
ble beeause the operation is of such short duration. The a.ppar<uit. 
respiration by the sampling method, therefore, indudos (X)" From 
only two sources: (1) that which is in the hell jar entirely i'lvo from 
the tubers; and (2) the shells of C(h dist-iihiit.ed through'out tlu^ jar 
by the celiuloid 

A comparison of tables 5 and 6 will show the (correctness of th(‘ 
(lata on which the fmvgoing explanation is has(vl, A dis(*ussion of 
the physical pJiase imi}^ be found in Brown and Ks(coml>(c’s pa.per (;^) 
and the eftbet (if curremts of 

The aspiratmvniethod would most pix)p he uschI for studi(‘s on 
apple storage; the sampling method would be better for potatoes and 
root crops. Neither of these methods would give ahsohde. coit(*<T“ 
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iH^ss. same conclusion on potato storage may be drawn from 

this work i hat. Sinith (8) drew from his, namely, that carbon dioxide 
will ,ncv(M' coll(H*l,. in sufficient quantity to make ventilatioii in a 
storage^ (‘cllar runu^ssary. 

SUMMARY 

The respiration records of four lots of potatoes were studied 
(rh rough a storage period of 159 days. Two of these lots were com- 
posed of clean tubers and two of scabby tubers. 

Th(‘ respiration rate was obtained (1) on one lot each of clean and 
scabby tubers by passing carbon-dioxide-free air through the bell jars 
in which they were kept, the carbon dioxide being absorbed by an 
alkaline solution ; and (2) by withdrawing 10-cc samples from one lot 
each of the clean and scabby tubers and deterinining the percentage 
of carbon dioxide by the use of a Haldane apparatus. 

During the first month of the storage period the respiration rates 
of the scabby tubers were much higher than those of the clean tubers 
as the cork layers under the scab lesions were not so impervious to 
gases as the skin of the uninjured ones. The rates tended to become 
equalized during January and February, but after sprouting began in 
M arch the clean tubers respired more than the scabby ones, as sprout- 
ing was delayed for some time (7 to 10 days) by the scab lesions. 

The respiration rates obtained by passing carbon-dioxide-free air 
through bell jars containing tubers were uniformly higher than those 
obtained by taking samples of the air in bell jars containing tubers. 
The reason suggested for the higher respiration rates obtained by the 
absorption method is that the flow of air through the jar removes 
the carbon dioxide not only from around the tubers but also from 
the gases held in the intercellular spaces. It is also suggested that the 
checking of respiration from tubers under the bell jars used in the 
Haldane apparatus tests may have been due to shells ” of carbon- 
dioxide-laden air around the opening of the lenticels. These shells 
are not disturbed in the air of the bell jar and check the outward 
diffusion of carbon dioxide. 

The small amount of carbon dioxide which had accumulated inside 
the bell ja,rs used for the Haldane apparatus tests was not sufficient 
to (‘heck respiration, 7 to 9 percent being required to check it. 

Idle amount of carbon dioxide which appeared at the bottom of a 
sp(H‘ial storage bin in which the tubers were 5 feet in depth was prac- 
tically that of the siuTounding air during the storage season and never 
rose until the tubers began to sprout, when as high as 1.8 p(?-rcent 
o(‘curred at the bottom with a temperature of about 50® F. This dif- 
fusion of carhon dioxide from the surface of potato bins follows the 
laws of the diffusion of gases through pores. With large tubers 17.7 
percent ()f the surface was pore area, and this surfaerv offered little 
rc^sistance to the diffusion of the eartxVn dioxide formed at the bottom. 
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